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Following usual expression, the light nt wave 
is written in the form 
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o the usual tr eatment, itis assumed. xis Now appling a) for the perpendicularly a] 
m plane parallel metalic film is formed - parallel polarized light for thin film as i 
ar ace and a plane wave light falls the eee solutions are obtained 
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= the complex refractive index of film 
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X= A/cos¢—(1+fn,) cos ¢ 
‘Y= Afcos ¢—B ny sin’ ¢/ cos g—(f + Ny) roe 


ee a) 


Z=feos¢+{(B—1) /(A—1)}n, sin? ¢/cos¢ 
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In the case of | x| <1, the following equations 
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will be the fairly good approximations 
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The values of f become for nj = 1.517 


? cos ¢ Sf 


0 1.000 1.000 
10 0.342 2.295 


When P or S are written in the form R+¢7, 
knowing the numerical values of n, k, wl/e, we 
get from (2) 

H®/H® = | H©/H| exp (#2) 
8 = (22/4) 7 = (wl/e) cosy—itg=" (I/R) 
. Putting 7/4 = 4, 274 is the advanced phase 
in the metal film relative to the air layer of the 
equal thickness. 


From (2), transmission for ¢ = 0 is given by 


Ty = (ino)| >) HO | = dong /(P, Py" 


ae where P, means the P value for ¢ = 0. 


The more convenient quantity for the observa- 


P} _ tions, the relative transmission is defined by 


P, = | HO/HO |" 


By the analogous calculations the (absolute) 
“Feflection for g= 0 is given by 
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Qr= [(erte-9)+ npller—e-4) | (neosay)} 


nS 3. The notations in the graphs and 


tables. - 


The notations are the same as in #2 and will 
be briefly planed for the sake of convenience. 


4, dnp, 4i9s : : 
4 is the relative decrease of the optical path 
length in the film compared to the equal thicknes 
of air layer and represented in the tables in 
permillage to the decrease of one wave length 
and 4, means the value for the normal incidence 
and 4,,p, 4,5 means the value for the oblique 
incidence of angle 70° where suffixes P, S indicate 
that the magnetic vector of the incident light 
oscillates respectively in the incident plane and © 
perpendicularly (senkrecht) to it. 
The advancing of the phase in radian is 
given by . a 
§ = 2rd = (2x/a)r 
For examples, when 6=-+2/2 or r= al 
naineie in the ease of the advancement of the 
phase of 4/4, it is shown that 


4= +(1/4)x10®= +250 


and in the case 6 = —(4/50) or r = = (4/100) 


it becomes 4==—10 
T,: the relative transmission for the incidental 
~ angle g = 0 namely the percentage intensity 
ratio of the light transmitted through the 
glass plate with film to the light transmitted | 
through the bare glass plate 
T,: the (absolute) transmission for ¢g = 0— the 
intensity ratio in percentage of the trans 
mitted light’ to the incidented light. The 
relation between 7, and T; is given by 
Ty = Ty {4 mg /(1+)*} ST, /1.042 
R,: the (absolute) reflection — the intensity ‘ 
ratio percentage of the reflected light to the © . 
incidehted light ; me 
The energy loss by the film is given uy a og 
A, = 100— —(K,+T7,)=100— —(R, na eae y 
l= film thickness 
4= wave length of incidented light - 
n—ik = refractive index of the film. 
ole = (2z)a) | BS. 
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$1. Introduction. 


The statistical derivation of the adsorption 


‘isotherm from a knowledge of the interatomic 


; forces has been the subject of a number of investi- 


gations. Although most of these investigations 
are based on the idea of lattices, it seems to \be 
Woubtful that the lattice theories of adsorption 
To make 
further progress we must start from the general 
development of the Gibbs phase integral for a 
system consisting of adsorbate molecules and an 


adsorbent. ‘This may be achieved by adoption of 


the method of Ursell“) and Mayer for treating 
_ imperfect gases. 


Such a theory is developed in 


the author’s recent paper™. And purpose of the 


_ present paper is to attempt to discuss the adsorp- 
_ tion from multicomponent system by using the 


theory of McMillan and Mayer, which is general- 


‘ization of Ursell and Mayer for multicomponent 
systems. 


In treating a problem involving the coor- 


dinates of an extremely large number of mole- 


cules it will be convenient to adopt a system of 
symbols of Mayer™. Let us consider an infinite 
system containing « types of molecular species, 
and use the subscript s(or t) to refer to a special 
species of type s(or t). The symbols without 


subscripts refer to a set of quantities : 
© = Ply 025-44, Ogee, Oc, ’ (1) 
B= 14 S25 0005 Ze y+ 00) Soe (2) 


The symbol p; indicates the density of molecules 


of species s, in molecules per unit volume, and 


zs is the fugacity, normalized in density unit. 
The letters k, m,n, etc., when written with- 


out subscripts, will be used to indicate sets of 
integers : 
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of k; molecules of type s. The shorthand nota 


tion : 


ki=iylk,!. 
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aks !ss ka! 


ok = 4"30,%2...Ps*s..-Po*s 


Pont 
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2k = Zz 1292 os -Zs"s ae -2g%o 
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will be adopted. 
The symbol 


(is) = Vis, Yis, Ris, Plis > Ygiss--- 


S 


—— = a a a welt as Sehr Se — a? 


indicates the configurational coordinates of the 
ith molecule of. species s, and, in general, include 
internal coordinates, Quis» Qois,--+ aS well as the 
Cartesian coordinates, as, Yis, 2is, Of the center. 
of mass. The coordinates of m, molecules of a 
particular species s will be represented by 


Ata} (Ts); (2a) snnny Calence'es (rahe * © 


And we will denote the coordinates of all the | 
molecules of such a set n iby 


{n} = {m}, {e},--. Ans}, {mo}. ) 
The volume elements are similarly expressed by . 
dis), d{ns}, and d{n}. Re 

The thermodynamic state of the ayaa will’ 


be fully determined by given temperature T and , 
the fugacity set z. of 


§2. The Distribution Functions. 


The distribution function F(z, {1}, 0), a fun-— 
ction of the coordinates of a set » of molecules, - : 
is defined by the statement that ‘in an infinite 
system of fugactity set z, the probability that 
an appropriate set m of molecules will be found — 
at the coordinates {n} in the configuration ele- 
ment an} is Proportional to F(z, {n}, De It 7 


es - rae 
0 Bee 
ah ae 


+, Ao 
1. —_ oe 


Systems I. Sn he ee ay 


“4 ities Then the grand, padiition function 2 Z(z, T,€) 
at 3 a fugacity set < is given by oe 


6 Te) = pie aAf.- Ar,0, {n}, e\d{n}, 08). 


where ¢« assumes 1 or 0 according as the adsorbent 
'- is contained in the system or not. And let us. me 
* denote the probabily that there be the set n of 
of Eabibeules: ae the presence of an adsor- molecties in the volume and that the molecules — 
nt, he single-moleeul2 distribution fanction of this set. occupy (respectively) the corrdinates _ 

waltz) 1 is nota constant, while F(z, (ts), 0) is of the configuration {2} within the volume element 
unity for fluid or glassy systems as shown - d{n} by P,(V, 2, {nr}, 1)d{n} or Pal V, z,{n}, 0) dink 
rer and Montroll®. Here we assume sbhat according as the volume contains the adsorbent _ = 


or not. Then we obtain, according to the denni- 
tion of oe grand partition function, 


2" FO; n, €) : 


§ We Expansion ah ‘the Distribution Fun 
ctions. 


ent, and, in: : goneral, Pye, (nD) ap- rie gl 
distribution funetion at the fugactity set, 0 ‘ean alg 
pa 

be computed from the potential energy “af ‘the’ i, 
 Hetiee the probability that on an system by using (12). One of our problems i 


this section is to investigate the method for cal 
stem of iene abe there be g set. ee 


ules in tae essen, iso" F(z fe 1). “While tie Bef in} qitpin the sobime element an, and 
a ? vi) ’ 7 
ted by iss dsorbent ‘decreases ate exactly the set m of the aren molecules some 


though aS ‘density. near the Sdcovbent 
» markedly different from io ‘and the nor- — 


volume slement d{n}, ieesposteee of Mi other ie 
molecules in the system, being equal to (oC 


fs 0 ye a a tas ae es ~. ae _(%, {n}, e)d{n}; therefore we obtain “ is 4 


Lo) Fa, es e) oS 
Tsionl nt) \,. |ParnlVs 2, {ra-+m}, s)d{m}, 4 
o(z) being a function of the fugacity set z. Using 


the expression ee for P,(V, z, {n}, ©), we then 


have 


; 
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Sz, T, Ar ay, F fz, {n}, &) 


a"\h.- J Fnsm(O, {n+m}, =)d{m}. (15) 


= 2, m! id 


Since F,(0, {0}, ¢) is equal to unity, we obtain, 


from (13) and (15), 
F,(z; {0}, ¢) = 1. (16) 


We shall now introduce 


If} = 3 Car B(z, T, €) 
xf... f[ 2 [Pent {n+m}, ¢)d{m}. (17) 


ee ine (15) into (17), we obtain 


po eabtiid its 


Int = 2 milk! 


Pa k>0 


«ff. JPormpn( (0, A LEY: e)d{n+k}. 
(18) 


It is seen that for given value of m;+k, the sum 


of the coefficients is (1—1)”s+*s, so that only the 


term m=0, k=0 remains. It follows that 


[,{n} 
: ‘ From (17) and (19), we have 


F,(0, {n}, ©) = De a &(z,T,e) - 


2 BNO) tnbe ee) 9) 


«ff. AI a O Vale, {n+k}, ©)d{k}, (20) 


in iphden the symbol & is Mes instead of m. In- 


if 4 serting y+z instead of z in (15), and substituting 
+ _, 420) into the left-hand side of (15), we obtain the 


explicit expression for the functions at the fuga- 
city set y+z in terms of a double summation over 
numbers m and é of integrals of the functions at 
the fugacity set z. Regrouping terms according 
2, to the sum m+k=M, and using the multinomial 


expansion theorem, we find 
Byte, 7.0) PEE rte, th 9) 


rtf spe 


r F(z, Ts £) >} i 
M>) 
x Fasa(z, {n+M}, e)\d{M}.. (21) 
{ | 

_ The special case n = 0 leads to the equation 
P= ? fae =& > T, £ ea 
(y+2, T, ©) = F(z 2 Mt 


«Mf. S[7O Time, a, oa, 22) 


which gives the grand Peceinoe function at the 
fugacity set Yte aw 
§ 4. Auxiliary Functions and Cluster 


Integrals. q 


In the present section we shall attempt to 
express F',(z, {n}, e) as sum of products of the” 
functions which are separable in the coordinates - 
of the subsets of melecules x. For this purpose, - 
it will be convenient to use the following symbols _ 
introduced by Mayer and Montroll. The symbol _ 
{m}. is used for set of m molecules, all of which ; 
And the symbol F 
{k{m;}.,}. is for a complete set of / unconnected 
subsets {mi}(1<i<k) of the set {nm}. By un-— 
conected we mean that each member of the set ~ 


are members of the set n. 


{n} occurs in one and only one subset {m;}, of 
the set of ‘subsets. ‘gi 
As shown by MeMillan and Mayer, we may 
write the expansion of the distribution function — 
Fz, {M}, 0) in the form ne 


Ende, (M}, 0) = DM ma sdu IE gnte, (mids), (28) 


in which the summation goes over unconnected _ 
sets-of subsets, and the product over all & sub- 
sets. An explicit definition of g,,(z, {m}) is given 
by : 


* gm(z, {m}) 

= SHUM} n}a(—)!- Kereik i Fz, {Ms}m, 0). 

| (24) 

Since it is necessary to integrate the  : 

Fy..(z, {N+-M}, 9) in (21) over the coordinates : 

{M}, we require an expansion of this function 

similar to (23). The complete expansion shown — 
by McMillan, and Mayer is fn 


Fei wz, {N+M}, 0) = Fry(z, {N}, 0) ‘ 4 : 
Se(medabu H gales {mba 
+3) {0} somber tne, {mita)), : y (25) ‘ 


in which S\{n}y is used to indicate summation, q 
over all possible subsets {n}y, including {n}y = oat 
{N}. Then we obtain as the inverse of sags a 


InlZ, {N})+3D {n}.xGum(2, {n}w, {m}) 
pe DUM j}m}u(—)-l— ade ; 
fe of Fy+ az, {N}+{M3} in’, 0) 
jet. Ff, {N}, 0)” 


; ; Rias ey 
: ‘ pan = SUM nal ia “Qe piciie Prue, G f, 
‘i = lt Fide, {Mim 0)] ny cu 
cs Sy, SM, Imbul—t-¥-1(L—1) | 
; sf ix a2) {N},+4MG}in » 1) 
Lgl Fz, {Nin dl) 7 
Hh U Fy+u(Z, {N}n-+ {Mim 0) | 
j=l Fy, {N}n 5 0) ck 


ie ; 0) sity : We define the cluster integrals. as na 
: 30) . = Pate, {M; a0] : 1 


Gait a (26) On(@) = Vmt ip Vote {m}add. ma 


ke ae hi expansion stp Fal, aw 
i 


hood 


vibu | ate, {mitay 


Ve Wa at 


ec ne eo, 


: 7 cere tm Lng} ae 


8) i in the tie’ in ‘he. lettsh 
ots we find Pp ean Or 2 ante 


cae ie, wh » as sy te 79/22 a Je mM, 
{onl + cata) + x {ah Pam {n}x) teTim(2, {n}a)]er 


: if ! 
woAY Fae tH eM Ns Bm 


For the case N= 0, we have 


a a e) re 
587.9) exp 3} | {VPm(2) + 207 m@}{ yolz i |. 


. (36) 
§ cy Molecular Distribution near the 
Surface of Adsorbent. 


The potential of average force Wy/(z, {N}, ©) 
at the fugacity set z is defined by 


Wy(z, {N}, é) ae, —kT \n Fy(z, {N}, é). (87) 
In the Tint of zero fugacity, we obtain from (12) 
Wx(0, {N}, ©) = U({N}, ©). (38) 


As shown by McMillan and Mayer, the component 
potentials of average force in the absence of 
the adsorbent is defined by either of two recipro- 
eal sets of equations 


Walz, {N},0) = Sin}wwrlz, {r}x), (89) 
a or é 

5 Wale, {n}) = DLN }a(—"-4 Wale, {N}o, 0). (40) 
2 “Similarly the potential of averrge foree in the 
__ presence of the adsorbent ean be written in the 


1 forma 


"4 Watt, {N}, hee Zi {nta{wole, {n}ny)+,(z, {n}w)}; 


(41) 

where »,(z, {n})’s are e defined by | 

— &,(2, {n}) = D{N}n 

(—)P- 4 Wyle. {N}n, I— Walz, {N}n, 0) . (42) 

‘Now we shall investigate the equations which 

' may be utilized to calculate the distribution fun- 
tion near the surface of the adsorbent. Substitu- 


_ tion of (86) into (35) leads to 
doy +e)" Fy +2, {N}, e) = 


(y+z)" 
[AP ]Pae, IN}, Nexp BH (mx 
-| Pome, {n' w)+eTnm(%> {n “fe. els) i ‘ (48) 


_ Substituting (87), (39) and (41) into (43), we have 


le(y+2))"Fixly +z, {N}, ¢) = y+2)| 22) iy 
ea’: 1 ( YOz) \" Wnlz,{n}) 
oe exp S{n}y, {3 2 Pum(Z, {n}y )( Pp Nance 


+3 Sama: fm ( we) ene kT 


eit aay 


_which gives the equilibrium number of case 


§ 6. Adsorption. Tgothict as: 


According to the general. properties of the 
grand partition function the average number of 
the molecules of species s is given by 


In 8) 7 | 
citne Beane a B, a 


It will be proved in the subsequent paper that 
(48) holde for the system which contains — an 
adsorbent. 


We' may write ‘ 
Zs = $(T) exp ae . (46) 


where ¢,(7) is a function of the temperature alone. 
Then using the fugacity set as the independent 
variables, we rewrite (45) in the from 


ny = z[ | . acu) i 


ae 
It follows at once from (86) and (47) that the } 
average number of the molecules of species 7 — 
belonging to the system is given by 


VE\msbnl2) 


rly +z, e) _ aot 


{MO Seema} 


where « assumes 1 or 0 according as the system 
contains an adserbent. or not. 

If one inserts an adsorbent in the system 
and admits of transfer of matters to or from the ¢: 
reservoir, the number of the molecules of any 
species contained in the system proper - will i in-- 
erease or decrease. And it is seen that from | 
(48) the increase of the number due to insertion 
of the adsorbent is given as } 


nely +2, 1) phe geeks 


—n(y +2, j=a iti 


mera) HA ole) Ne ae 


Hence the number of adsorbed molecules of species 
r on the unit area of the adsorbent or the excess 


number of the molecules per unit area is express 
ed by Ne 


pz am r wtf 20. _Yyo(z) i 


fy 
“jt ar 
2A , 


S 60) 


Pas: 


% rah 
aa 
as 


molecules as a functlon- of me fugacity 


_ tions of ¢ types of molecules. Thuis we obtain. 


_a set of adsorption isotherms: 
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) 1 the Activation of the Oxide Coated Cathode. ae 
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oe OaE > aes) powers are an ionization gauge, a gas chase cont: 
eet i eae a ree 3 


i ing an oxygen source and a batalum | ge 
‘an special property of ths oxide coated and 3 a flash seier. A small amount, of : 


its emission 2 depends largely upon 
- Although thie ee 


a -ompl ieated process. ‘Thus ‘the frst 


Fig: 1:. The construction of the 
; eapereuen tal tube ; 


For two purposes to avoid the enege of the 


j Se 
interface and the reducing action of the base a 
- metal, the electrolytic nickel was mainly used 
eae R 


e 16 
as a cathode sleeve, on which 6 milligramm of 
BaCO, and SrCO, mixture was sprayed. A fine 
_ nickel wire of 20 microns dia. was wound around 
this coated cathode and the same amount of car- 
bonates were sprayed again. The experimental 
tube was thoroughly evacuated, the getter in the 
_) tube 5 was flashed and then the tube was: tipped 
off. The activation of the cathode followed to 

the usual procedure. 


§3. Diffusion of Barium Atoms. 
The present investigation has two main pur- 
‘poses; The first object is to know the exact 
- value of the diffusion energy of excess barium 
atoms and the second one is to know the dissocia- 
tion energy of barium oxide. 
The first purpose was fulfilled by the follow- 


ing procedure: 


The cathode having been kept 


i at 600°K was exposed momentarily to a small 
amount of oxygen, produced by the chemical 


reaction 4CuO = 2Cu,0+0, and.on the other hand 
the produced oxygen 
was immediately ab- 
+ Sorbed by- the getter 
mirror in the tube 5. 
As. soon as the ther- 
; / mionic emission de- 
* ‘creases sufficiently, the 
x 4 Fedinode was ‘cooled to ™ 


the room temperature. 
be For a while oxygen 50m 
thoroughly ab-  i4W 
sorbed by the getter. (34 
Then, when the cathode 1 
was lighted at a con-  “{yooki 


ee. Was: 


one AROK 
time min) 
hh S12 345 67 8010 
Fig. 2. Decrease of 
final emission: 


Fig. 8. Recovery of 
emission, 
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stant temperature, the emission recovers 
gradually, but it does. not recover to its original 
value. This final emisson lowers down as the 
times of repeating as shown in Fig. 1. In these | 
procedure only the surface of the cathode is. 
poisoned, but the reduced basigen atoms in the 
interior are not destroyed. Moreover, no borium 
atoms can be supplied because of the low cathode - 5 
temperature. Thus the recovery of emission is 
considered to be caused dy the diffusion of int- 

The results 


in Fig. 2 shows the decrease of concentration of © 


erior barium atoms to the surface. 


free barium atoms, giving a direct Beni to 
the above consideration. 

The recovery of emission obtained in such 
procedure is shown in Fig. 3. The increase of 
emission is linearly proportionol to time at every 
cathode temperature. 

Appling the Wilson’s® theory on the semi- 
conductor to the oxide coated cathode, its emis- 
‘sion is represented by 


i= DiAyn? 7 exp {— a (F+s)} @) 


The formula holds for the well activated cathode i 
at sufficiently high temperatures. On the other _ 
hand, the formula deduced by appling the | 
Njiboer’s® ‘frozen-in-hole” theory, | ne 


i= D,AynoT* exp {- yp Eto} ie oy | (2) | 


holds for the insufficiently activated cathode at 
low temperatures. Both ‘expressions, however, — 


can be deduced from following two equations; ~ 


"eon = (Ape) (a 
and ee 
a ak 
i= neD (> mm) exe (er) (4) 


Tet the four formulae all tiotations are the same as 
‘used in the previous paper.@ (1) is an approxima-_ , 
tion when n, is much larger than WN in (8), while 


(2) corresponds to the approximation at the > cons 
trary case. : 


“~ 


The present experiment is’ the procedure to | 
vary N under. the constant temperature. At the 
beginning of the experiment, the concentration 
of free barium atoms is supposed to e reg! 


surface. Be ee of rm 


_is written by Bey Shere ae 
* aN , , 


diy 


nivand 3 


= nas —M%) 6) . 


' 


1 os nk is neglisibly small 


interior should be poisoned. Thus the pea” : 


at ‘the beginning, the solu- 


. of oo oxide is 3 required for the recovery 0 of 
- tion vt (6). Deon ; , 4 


y 


mag = nit Dye (6) ie 


= 


Aale in Which ‘the diffusion coeffi- 


cient « is expressed by 


) 


oe eae to YT, the linear 


‘relations — are found as 


shown by two curves 1 
and 2 in Fig. 5. Appling 
; -Kawamura’s®) result, H=  ~- 


Ub Ke e. Ve E, is evaluated to : 
be: 0. 15. e.v. and « about. di: 
4x10 em*/see. The ob- 
1 tained diffusion energy is so 
almost equal toBlewett’s® 


(#0299 wor fnpua 2 vosous) 2 —> 


5 


value having ‘been deter- 


The deter- mined. by the ‘time change 
ffusion | 


of the emission. Paley 


1g 


» Energy for Exciting a _- Fig. 6. The recovering ae emission he 
‘ and conductivity. F oe 


- Fig. 6a ee the recoveries Os both ae 


perature i is so high that the emission is representid ; 


: by (1) and. the conductivity by the: expression® 

: & ie 
eH } i 

2kT 


1 3 


a = ev Alng PT. exp {— 


Ye Ding 


o 
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Thus the square value of both emission and 


conductivity becomes proportional to 2. The 
~eurves @ and o? versus t are shown in Fig. 6b, 


in which both curves coincide each other, suggest- 


ing that the increase of n, is linearly . propor- 


tional to time. The result that no time lag can - 


be observed between two curves of conductivity 
and emission is well explained by the easiness 


i) of diffusion of free barium atoms at high cathode 
_ temperature. 


Fig. 7 is another example of the 


recovery of emission, in which a is 7 versus t 


(yl) (qweHing wotsms ) 4 — 


Fig. 7.°The recovery of emission. 


atom from a normal 


(Vol. 6, 


curves while bis # versus.t curves. The ie 
of <4 is found to be in linear proportion to ¢ so- 
long as the cathode temperature is low and its 
activity is still insufficient; while in the contrary 
cases, i? proportional to ¢. From these results ‘ 
it is evident that the Njiboer’s ‘‘frozen-in-hole” E 
theory is correctly applied to the oxide coated - 
cathode. é 

In these experiments, almost all free barium 
atoms are destroyed and thus the increase of ; 
emission should be begun by the dissociation of 
barium oxide, 2BaO = 2Ba+0O, at the cohen’ 
surface. The dissociation proceeds to the interior | 
gradually. The increment of free barium atoms i 


can be waitten by 


dn 


em = Kn zao— K’nn, i > (10) 4 


The first term is equal to the amount of 
dissociated free barium and the second term is ¥ 
that of recombined barium atoms. Wi 

As the produced oxygen is soon absorbed by _ 
the active carbon, the second term in (10) can be 


neglected. Thus the solution of (10) becomes — 4 
m= Knstt= Kt A) 


This shows the linear increase of the. concentra-_ : 
tion of free barium atoms in good agreement, 
with the experimental 
results. 

The inelination of 7 
in Fig. 7a and 7 in Fig. 
7b are plotted in Fig. 8. 
It is found that there 
holds the linear relation 
in both cases. By means 
of the similar procedure / 
as described in determin- 


ing the diffusion energy, ioe 
2.2 124 26 IAB 2 
Fig. 8. The act) 
vation energy for — 
exciting, a barium — 
lattice site to a impurity Aes oe a nomad | 
im- — 
centre can be evaluated purity centre, 
a 
to be 3.9 ev. This value agrees with Kawa 
mura’s estimation®, : m 
{ , : r ‘, 4) 


the activation energy E, 
for transferring a barium 


erent procedures. “At first the emission from 


Rav y 


thode, oe been aie atea constant 


“perature to a oasiene 


_ point suddenly. The 


being kept constant. 
‘line is. shown by the 
curve b in Fig. 9. The 
“work function at high 
temperature is 1.0 e. Wie 
while it is 1.4 ev. at low 
temperatures. 

Secondly, the emis- 
cathode, 
having" been kept. at the 


sion of the 


ge! in the Richardson. dia- 
gramm. 


oxygen sre ee eétbbliatied at. each 
Thus in this ease both Np and fk 


erature. 


ron the Sac mechanics, as Follows: 


ae ut ae 0 (- 


Phy 


tively. Ths the inclination « of the Rieh- 


oated Cathode, ; 


procedure ‘Means that 5 


A only T is varied with Me 


~The obtained Richardson 


the diffusion energy of free barium, atoms was 


~Blewett’s result. 


measuring _ temperature" 


for 30 mins., was plotted — 


In ‘this ‘Pro- : time. The recovery of conductivity is quite 


energy for: tranferring a barium atom’ from 


: ro. variables. ‘The calculated work fune- nth normal lattice site to a impurity centre is 3. 9 


: ures ‘they, are 3. 0 e.v. aud 5. Be ev. re- 
ly) showing that. Mo decreases very ane 


wags estimated from the experiments to be 4.1 


i ie a2) 


k| 


ie 


the apparent work function, involving: the dis- 
sociation energy £;. oir 
Subtracting the true work fincyion, obtained 
by the first method, from the apparent ones. gis 
the second teas the dissociation energy B, 
ean be estimated as 4.0—4.1 e.v.s. at all tempe- fn 
The difference H,—H,=0.2 e.v. LS 
perhaps means the energy for combining two 
oxygen atoms he a molecule at the cathode 
surface. | _ Nn ata ‘ 


rature range. 


$6. Summary. 


il Poisoning only the cathode surface, by 
the THO IIEHRATY, exposure to oxygen, the recovery 
of emission was measured. From these results 


estimated 0.75 e.v. in. good agreement. with 

2, The emission from the ‘eathode having 
~ been destroyed in the oxygen atomsphere for a 
tere time, recovers in linear proportion to, tim 
‘in the insufficiently activated state or at low _ 
temperatures, but at contrary cases the ‘square 
values of the emission become proportional to 


parallel to that of emission. From these expe- us 


riments it: was concluded that the activation 


as ‘The emission of the cathode, exposed to 
the oxygen atomosphere for 30 mins., were plotted 


in ‘the Richardson diagramm. The apparent wor 
function is much larger than that obtained by 


the normal procedure. The dissociation energy 
e.v. aes 
: 4. The emission formulae, derived by appling a 
the Niiboer’ s “‘frozen-in-hole” theory to the oxide 
coated cathode, ean explain ‘all phenomena, des-_ 
eribed hbaye giving the most powerful Oriente: i 
for the validity of the theory. ee Vues ey 
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Abstract. 


The effects of the following three kinds of mechanical pressures upon the dielectric 
properties of barium-strontium titanate ceramics have been investigated : (1) hydrostatic _ 
pressure, (2) compression parallel to the electrode surface and (3) ‘compression normal to 

' the electrode surface (as shown in Fig. 1). Especially the influences of these pressures 
on the Curie point and on the permittivity in the cubic region have been investigated. 
With increasing hydrostatic pressure, Curie point of (Ba 75-Sr 25) TiO; is reduced with 
a slope of 6.0 (0.5) x10-* degree-cm*/kg, and its permittivity vs. temperature curve is 
shifted to lower temperatures; these results are in good agreement with those of BaTiO, 
* single erystals, recently published by Merz. The Curie point of this sample is raised 
by the two kinds of compressions. On the’ other hand, permittivity is lowered in all — 
temperature range by normal compression, but by parallel compression ‘permittivity vs. 
temperature curve is shifted to higher temperatures. The effect of normal compression. 


is in good agreement with the one investigated by Takagi, Sawaguchi and Akioka® 
about BaTiO, ceramics. 


In the cubic region, the variation of the permittivity ne these pressures can be inter- 
preted by the phenomenological theory presented by Devonshire, and the coefficients In yey 
and gj, which were introduced in his theory, can be calculated using the results of | OUR Fars” 
experiments. In addition, using cathode ray oscillograms measurement’ have been made 


onl the effects of pressures on the polarization, and the results are consistent with the © 
data of the permittivity measurements. 
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. lower toninomminies is observed with a clope 0 of 
§1. Introduction. +5.8 x10"? dégree/atmos. ue 
About the effect of hydrostatic pressure, 
Vul (in 1945) reported that the variation of the 
capacity of BaTiO; condenser is, at room tem- ; 
perature, 4C/C = 0.12x10-4em?/kg. in the range 


300~2000 atmospheric pressures. And recently 


Effect of mechanical stress normal to ee 
electrode surface (Fig. 1(8)) was studied by: Takagi, 


Sawaguchi and “Akioka® and it was found that’. 4 
the permittivity was reduced by. the pressure. 
Among these results it must be emphasized that 
the effect of pressure is- very conspicuous up to x 
the temperatures above the Curie. ‘point. From 

this fact, it is evident that the dielectric pro- 
perties of barium. titanate are eensiiiee ates ‘the. 


hydrostatic pressure on the Curie point of barium 


and a linear shift. of the Curie point towards 


ae eS ae ta epee he 21 


estigation of these « effects, and 


if 


ular: (3) 
“Pore Normal 
> Fig. WG as - 
rostatic pressure, _ ee AMT 


compression. parallel to the electrode, 
miprere ron narms to the. electrode. 
l eS (l) hydrostatic pressure, (2) compres- 
pe arallel ‘to the electrode and (3) compression 
al to. ‘the electrode. Of course, the effects 
. ery “different between single erystals 
But above the 


ee in sae pPEIOE of cubic’ ae 


soe rete ceramics. 


ie nsition in barium’ titanate, and he 


i solid solution c of barium-strontium 


sitions were prepared i in this way: 


And it seems. that” the 


: mples used. in our ‘experiments are barium 


Sha ‘at 1200° C. ‘Specimens of the follow- ‘Amsler testing machine. 


A: BaTiO,, Curie point 115°C, 

B: (Ba75-Sr 25) Ti0;, Curie point 37°C, 
~ C: (Ba60-Sr 40) TiO, Curie point 10°C. 
We mainly used the specimen B: (Ba 75-Sr 25) TiO;, = 
because the Curie point. is reduced to 37°C and .) 
It has a 
been known that the dielectric properties of the " 


the various measurements are easier. 


solid solution of Ba-Sr titanate are essentially 
similar to that of pure barium titanate. 

The simple hydrostatic apparatus is shown 
in Fig. 2. This apparatus consists of vessel A 
and piston B. One electrode of a specimen S, iy 
immersed in the oil O,. is connected to the piston ‘veg 
(earth side), and another electrode is connected _ 


toa measuring circuit by lead wire D, which is 
insulated by a silica tube in a narrow hole Poe 
This hole is filled with sealing wax, and oil-leak 
between piston and vessel is stopped by rubber 
packing C. This apparatus is compressed “by',| 
an Amsler testing machine. Owing to the leakage - 
of oil, pressure is limited by 500kg/em’. The 
temperature of the oil can be adjusted’ by a 
heater H. coher 


Fig. 2. Hydrostatic pressure apparatus. 


A: vessel, ; B: piston, 
a C: rubber packing, S: specimen, 
; O:- oil, Ht: heater. 


For applying the eompression normal or parallel 
to the electrode, specimens having the form shown | 
aclembutiealy in Fig1, are compressed by the 
On account of the 


fracture of the sample, maximum compression 


its initial value. 


22 


is limited by about 500~1000 kg/em?. 
Permittivity. is measured by a_ heterodyne 
method; its frequency is 1,000ke/see and its 
out-put about 2V. By this method, the variation 
of capacity of 0.2 pF. can be detected, and since 
‘the capacities of our samples are more than 
200 pF., this method allow us to detect the change 
‘of capacity with an accuracy of ACIC = 10-*. 
When we apply mechanical pressure on a 
specimen, its shape changes and this dimensional 
correction to the capacity ‘must be made. But 
this correction is of the order of magnitude as 
P/E, where E denotes Young’s modulus, and in 


My ap pao is negligible in the following experiments. 


5 3. Results. 


(1) ‘Hydrostatic pressure. 

At first, we have measured the permittivity 
as a function of hydrostatic pressure at room 
temperature (about 10°C) and the results are 
shown in Fig. 3. In this temperature, thé sample 
A: BaTiO, and B: (Ba 75-Sr 25) TiO, are under the 


li ue point and the sample C: ie 60-Sr 40) TiO; 


‘300 400 


0 } 100 200° 


>. ” Kg/em? 


Fig. 3. ¢ vs. pressure curve. 
A: BaTiO,, 
B; (Ba 75-Sr 25) TiO, , 
C:; (Ba 60-Sr 40) TiO, . 
is above it. As the temperature of oil is raised 
by compression, we measure the value of the 
permittivity after. the temperature recovers to 


We use the specimen of thin 


G. SHIRANE and K. SATo. 


' ferroelectrie Curie ‘point (where permittivity 


Me Se 
rar Cie id 
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plate (0.3mm by 10mm) and of rather: thick on 
and obtain essentially the 
same results. : er ; 


(83mm by 50mm’): 


As shown in this figure,, below the » Curie 
point (sample B) the permittivity increases with 
increasing pressure, but above the Curie. point 
(sample .C) the situation is reversed. With 


5 | . ‘ 

x10 3 

45 q 

44 ‘ 

x a, 
€ : 
1 4.3 : i 
7 
C: (Babo-Sr40)T 0, | 

7 aes 
; : 

i re) 100 200 300 400 ; 
SPL Mle a ae : 

Fig. 4. -l/e vs. pressure. of sample C > q 

(Ba 60-Sr 40) TiO, . Je 4 


respect. to'sample C (above the Curie point), Le 
vs. pressure relation is almost linear, as plotted i 
in Fig. 4, but this linearlity does not hold good : 
for sample A and B. According to the measure; _ 
ment made by Vul,@ AC/C of BaTiO, “is 0.12 § 
10-4 em*/kg i in the range 300~2000 : atmos, In our ; 
experiments, permittivity decreases at first then 


increases. The slope is nearly! equal to that 
obtained by Vul. sana 


Then we measure ‘the permittivity v8. pen 
perature curves of sample B: (Ba 75-Sr 25) TiO, 
(Curie point 38 °C) under the various hydrostati¢. % 
pressures (0~500 kg/cm’) and show one of the 
results in Fig. 5 (stress free and P=420kg/em?), 
The temperature is measured by a copper- 
constantan thermo-couple inserted. in- the: oil” 4 
through the narrow hole E. As showh in the 
figure, the permittivity v8. temperature curve 


retains its shape and only: shifts to lower tem: 
petatures as the pressure jis 


increased, “and _ 


becomes maximum) falls ype avn: ha loyal of : 
a) 


(3): Parallel , 


27 P= 380 Kg het 


7 Ay Mastic 
“P= 420 Kg hem 


re 


2 U8. temperature curve of 
(Ba. 75-Sr 25) TiO. 


) ee free}. 3 
drostatic pressure P=4 420 gle ; 


N (1)! Stress free 


: 6. ‘Te v8. temperature curves. 
) stress ee (2) P=420kg/cm. me 


; ‘by pressure. Hence. it becomes 


cay is 3 nearly constant above 


a 


, (2) Compression parallel to the ainclfone u fa 


i Be id : ‘ by 
m Ba-Sr Titanate. Sepa ae. 


A, “ 


a the Curie doit! though de/@P'is nepabs + Fr 
Fig. 4 and Fig. 6, d/dP-(1/e) can be ob 


in these cases of. different compositions they 
‘both 0.73 (0.05) x 10-7 em? “ke when’ n averaged 
several specimens. ., 


bss 
x10 | 


50 
—>P Kg /em* 
Fig. 7. ADID vs. pressure curv 
_ A: BaTiO,, Re UR RS Res 


i bhai ne (Ba 15-Sr 25) TiO; , 
‘ + Bis 60- Sr Dae aye . 


dielectric eee 
change of hysteresis 
oseillograms (50. cycle and 20 kv/em) 


used a oo anh ade 


pressure. 
constant, decreases with increasing P 


ak eee a affect, _we have prepa 


shown in Fig. Wes 
with baklite plates. 
sample A, B and C, at room temperature. (abo 
10° ) are shown in ee &. Just on the contrary e 


B) and above | it the situation | is reversed. In Re 


this éxperiment, to secure homogeneous compres- 


; ) ' ps 
' 
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sion, it is convenient to use a thin plate specimen 
at the expence of the accuracy of the permittivity 
measurement, because it has a narrow electrode 


surface. While in a cubic sample, which is 


x10" 
+4 


A: Bali; 
i te 
a 200 400 600 


> fp 


K g/em* 


Fig. 8. ¢ vs. pressure curve. 

: A: BaTiO,, 
: B: (Ba75-Sr 25) TiO, , 

C: (Ba60-Sr 40) TiO, . 
_ convenient for permittivity measurement, it is 
rather difficult to apply homogeneous compression, 
_ because contact surface can not be made so ex- 
_ actly parallel that inevitably there should: be 
ei ‘some component of normal compression. And 


‘sinee effect of normal compression is much 
larger than parallel one, this error is not at all 
AY negligible. The accuracy of this experiment is 
_ lowest among the three experiments. 1/e vs. 
_ pressure relation of sample C is not so linear as 
in the case of hydrostatic pressure, and this, to 
some extent, may be due to the above reasons. 
oh _ By the fracture of the specimen the pressure is 
i limited by about 600 kg/em?*. 
We have measured the « vs. temperature 
_ curve under the pressure (stress free and P= 
_ 380 kg/cm?), heating the sample in electrie furnace 
and obtain the results depicted in Fig. 5. Ferro- 
__ @lectric Curie point is raised with the rate 
if dT;/dP =4.0x 10-* degree. em*/kg. 


This result 
™may be reasonable, because the compression 


does act as if it compel the tetragonality normal 
“8 to the compression. Just as in the case of hydro- 


.. static pressure, 1/e vs. temperature curves are 
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almost. linear and nearly parallel to each other. 
From this result and from Fig. 8 (sample C, Sr 
40), d/dP - (1/e) above the Curie point is calculated” 
as —0.30 (0.05) x 10-7 em*/kg. - i 

At last, we measured 4D/D of sample B and | 
C. In contrast with the case of hydrostatic : 
pressure, polarization increase in both samples. © 


(3) Compression normal to the electrode surface. 

As stated before, this effect was measured 
by Takagi, Sawaguchi, and Akioka® on BaTiO, — 
ceramics. We have again repeated the measure- 


0 200 400. - $00 $00 . 4000 
—> P ig fem? 


Fig. 9. © vs. pressure curve 
under normal compression. 
A: BaTiO, : 
B: (Ba75-Sr 25) TiO, , 
C: (Ba60-Sr 40) TiO, . 


(1): Stress free 
Ud (29: 280 Kye 


— TC 


Fig. 10. ¢ vs. temperature curves 
(1) stress free (2). P=280kg/em?. Ne 


mpare directly the effects of ‘the’ three 


ples used in’ the above two experiments. 
1e results : are in good agreement with theirs, 
1d shown in Fig. 9 and Fig. 10. As in the case 
I ydrostatic pressure, 1/evs. pressure curve of 
sample Cis almost linear, and ferroelectric Curie 
point Ty is raised with a nearly equal rate as 
We can 
d/dP+(1/e) = 1,30 (£0. 20) “AO em*/kg 
ve" the Curie temperature with respect to 
sample Band Ge 


the ‘case of parallel compression. 
timate 


Es Relaxation effeet. 
‘When. the pressure is. applied or remdvea) 
*ked — relaxation effect of permittivity is 


mpression is shown in Fig. 11: A (below the 
ie point) and Cc (above it). 
the relaxation. is different in the region above. 
1d below. the Curie point. There may be some 
ar that the temperature of the eample | is ‘raised 
‘the compression, but in fact the temperature 


hange, measured by the thermo-couple soldered 


ee Os HET aE w7) sa eo 
ae et (Min 


20 


gol. Relaxation effect in ie. case . 
res of sonia eSubrecslan. , 
. oe cueeus te 60-Sr 40) ces 


B ctekation is quite similar to the ‘pieno- 
» whic are, 2 observed aren the eteatnie field 


ie pressures | with respect to the same - 


observed. One of them in the case of normal — 


The tendency of 


» \ not so clear. 


q the polarization, a similar type of relaxation is 


. pressure. 


_eal/g-degree which is of the same order. 0 


- however, we are declined: to believe that th 


\ 


must use the Clausius- -Clapeyron equation, wie 


Pr sure. eater: on Ba. Sr Titanate. V4 : AR nae A 25 


Sr asisely by Partington, Planer ange Boswell. ©) 
This coincidence is: rather interesting, for com- 


pression and electric field are very cite ikaet 


‘their nature. 


There is also a certain relaxation a a 
the case of parallel compression and the tendency 


seems to be'similar. But in this case the change 


of permittivity is much less and so also the 3 
relaxation. -In the case of hydrostatic pressure — ‘ | 
relaxation effect is covered. by the temperature 
change of oil, so the existence of this effect is. 


When: we measure the change of sh 


observed. , y 
4 4 * e ( vi 
§ 4. Discussion. . 
As stated before, we! have obtained almost 
the same result as that of Merz concerning a 
linear shift of Curie point by the hydrostatic 
He assumed that’ the transition in 
BaTiO, at 120°C is of the second order, and use 
the Ehrenfest’s relation for .the calculation of 
the change of the specific heat AC at the Curie. 
point, and obtained the value “AC, = 4.910 
magnitude as the experimental values. Refering 
to optical and X-ray data of Kay and Vousden, @O 


transition may be of. the first. order. ‘Then we 
give the value of latent heat. 

Tot represents this latent heat, and 4V th 
change of the volume at the Curie point, we Bhd 
dT [dP = :T,-4V/l. For (Ba 75-Sr 25) TiO, dTy/4P 
is —6. 2x10- * degree - cm?/dyne and Ty is: 308 ° Ke 
If in the first approximation for Ba-Sr titanate, 
weiuse for 4V the value of BaTiO,, i.e. 0. o2As 


‘per unit cell, given by Kay and. Vousden, we. & 


obtain 1+15 cal/mol for this sample which is of 
the same order of magnitude as the experimental Oe 
value of BaTiO, and the one of (Ba 90-Sr 10) TiO, ; 
measured by Sawada and Nomura. : 4. 
From our experiment it becomes evident that ae 
d/dP - (1/2) = —1/e** de/dP is nearly constant above 
the Curie point and may have the important 
physical meaning for this material than de/dP, 
the value of which is not constant even in the 
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cubic region. The valug of d/dP-(1/e) is not so 
exactly the same for all samples when the firing 
conditions are different. But the average value 
used above should be reasonable, in relative 
measure at least, from the following reason. 

If we apply to a specimen normal pressure once 
and parallel pressure twice, then the result must 

In fact 
the value obtained by the former process (1.30— 
0.302 = 0.70)x10-7 is in the neighbourhood of 
the value of hydrostatic experiment (0.73 x 10-7). 
By the theory of Devonshire, d/dP-(1/e) is 
given by the following equation, if we assume 


be equivalent to hydrostatic pressure. 


that the coefficient of internal field does not vary 
by the strain. 


his d da, 3 l\d a 1 dz, 
ane \= “50 (+) ee: ACN, an 8 a a 
1 dx, d dz. 
= (fu ms a dp tap) 


where 


204 = de 2 (=), 
. faa an ayy 2. (2 2 =) =4r—(~). 


e, 48 permittivity along the X-axis, and in 
our case (above the Curie point) it is the measured 
permittivity. «2, yy, and z, are the strain com- 
ponents along the three axes. . This equation 
ean be written for the three brespres in the 
following form: 


(1) hydrostatic 


1 
. H1-9% . (1—22)—g,, : 2(1—2a)} 


—JIJi2" (1—a)} 


(3) te 
Tg Eero RN | 
‘Gn (sea: Abt 


In these equations d/dP-(1/e) are given by 
‘our experiments and shown in: the first column 
in Table 1. Mason“ found a Young’s modulus 
E=1.13x10"dynes/em? and a Poisson’s ‘ratio 
¢@=0.27 for barium titanate ceramics at room 
temperature. 


) 
+949" 2a | ‘ 


Now we use these values in the 
first approximation for our barium-strontium 
titanate. If we choose 9) = —1.00, 9. = —0.05, 
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we get the values shown in the second column of 


Table 1. It can be seen that the three equations 

are satisfied fairly well by two parameters g,, 

and %»- e a 
Table 1. 


aide: (1/e) x 107 em? ‘fk | observed calculated _ 
(2) hycrostabt +0.78 +0.71 
(2) parallel —0.30 —0.32 


| 
} 7 

] i 

(3) normal +1.30 +1234 . 
The magnitudes of g,, and g,, are rather 
—11. 2, 


Jo = 0-8 that were estimated by Havousniee for 


small compared with the values g,= 


BaTiO; single crystals, but this difference should 
not be so serious. As the Young’s modulus of 
single crystals was estimated by him as 4. 0x10" 
dyne/em’, so if we use this value, gy, and Siz 
In agree- 
ment with his estimation, g,, is much as, 


become at once about 4 times larger. 


than g,. so the factor , is predominant in these. 
effects. g,. has an opposite sign to Devonshire’s 
value, but this coefficient is very small and the 
discrepancy is not important. Thus the above 
agreement may be seen as an evidence that our 
experiments support the theory of Devonshire. . 


In conclusion, we wish to express our sincere 
thanks to Prof. Y. Takagi and Mr, E, Sawaguchi 
for their valuable discussion in.the course of our 
experiments, and also to, Prof. M. Masuda and 
Mr. Y. Tozawa for the facilities generously. 
endowed by them. Expense of this research was 
defrayed from the Scientific Research Expenditure 
of the Educational meiiet hed ent 
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. Introduction. 
ark Part 10), ‘the three-dimensional Ising pro- 
lem was formulated to an eigenvalue. problem, 


iS: partition function was obtained by the 


k the above method. were as follows: first, 
ng | point to ‘obtain the rigorous solution, 
d “secondly the propagation of order would be 
tain by the eigenvectors. 

r, the latter object, j. e., the propagation of 


is is chiefly Wan bya pastor method, in the 


: “on ith lattiée | point, there is a spin 


is | characterized by Me Let each of the 


‘perturbation method. The reasons why the author 


‘b eause | the ‘eigenvalue problem’ would be the - 


_ Statistics of the Three-Dimensional Ferromagnet (IJ). 
Ne By Takehiko Ocucut. 
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In ‘this Peper) how-. 


~ 


‘tions which have the same energy” value. of. E, 


7. 


nearest neighbours, and 2 the sum over all spins 


‘(the total number is N). Thus the partition, fun- 
ction f has the form, 


S= gee elk, 3) 


where 2 means that the. sum is carried Gut over” 


all spin. ‘configurations which have all sorts. of. 
energy values. Go is the number of the configura-_ 


As-it is difficult to obtain the relations betweer 
all E. and Go, we will secure the finite term: 
arhicl are dominant for low temperatures. Fr 
this purpose, we may develop it to a. esi serie 
of the enerey ‘ 


caval to each other | The energy. valve i 


\ Table r ‘ 
State reversed excitation Oar: Ff ; ‘ 
‘spins energy { Ft 
1 Oc Ce Nile oie En ee ae 
2 O-0 )) M0EF4mH 7) BNE 
3 (O--O 12s 44mH AN(N—7) 
4. O-O-O | 14J4+6mH ONG 
ye ae [08 14 6m 12N — 
Ono" a on 
O-O Return: 
By fe 16J+8mH '3N 
=) : 
5a O-O--O 1674 GinH Rae ae 
Gen CeCe 18J+6mH EN gus 
O eoett 
65 - |! 18J+8mH .20N 
ORO s is hy) ; 
6 O-O-—O—-O °° 18J+8mH '3N_ : 
6 EA Ceo) ACN a a 
ele 10) ai 


* In the second column, circles represent the 
reversed spins and full lines or dotted lines con- 
nect with the adjacent spins or remote spins. 
respectively. 


i +15 N0°8"- {3N0°-+3N(N—12)0°}21 


: . iat eer avons (ME 


va 
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3/2-NJ—NmH. The first. higher state is given 
by the reversal of a single spin and requires an 
excitation energy 6.J+2mH. As it does not matter 
which spin is reversed, the number of configura- 
tions is N.\ The second higher state corresponds 
to the reversal of two neighbouring spin (excita: 
‘tion energy is 10J+4mH) and ge. of it is3N. The 


third higher state corresponds to the reversal 


of two separated spins (excitation energy is 12.J+ ’ 


4mH) and g, of it is SNN—), and so forth. 
Thus we obtain Table I. 
were also performed by Tanaka() independently 
from the author to terms of order £'*). 
For convenience, we introduce the new vari- 
ables 8 and 0; 


e-Wk? — B, e-~mAlkT —'9., 


(2.3) 


According to Table I, (2.2) becomes 
be . 3 
hove BNo-* [14 NoB'+- SNOB + — NIN—T)0°8" 


/ 


sn 
ae {FiNe—21N+128)05 -83No} a. de (2.4) 


If there is no external magnetic field, @ is equal 


to may, so ‘ 


7 5. 
HL ia 
ON 2890" (eu-4 sit: . N 8's... 


(2.5) 
We are in need of the partition function per 
individual spin. This may be obtained if we 


_ Yaise f to the power 1/N in accordance with the 


Statistical mechanics. Let us examine how is 


this operation related to the eigenvalues in Part 


. nae Se 0) Part'L the partition function is connected 
eas with 2" eigenvalues A(t = 1, 2 


»+-., 2*) as follows: 


ok 
Re > A; \ (2.6) 


where & is the number of spins in one layer. 
As N is sufficierttly large, all eigenvalues except 
the largest one &max may be neglected, 


(i= apie . (2. 7) 


‘Thus the partition function per individual spin . 


Peo 1 corresponds to the largest eigenvalue amax? 


(The same calculations 


(Vol. 6, 
308'°+1018"..). 
(2.8) - 

The spontaneous magnetization J is obtained 


rane B= (14-8° +881 38% 4.1584 — 


by the thermodynamical relation ; 


Ae bs im Plog fly 
Nm 0: 0logi/é@ : 
= 1—2°—128" +148 *—90f4 + 1928792218... 


(2.9) - 

(2.9) is in agreement with (2.17) in Part I. Fig. 1 
shows: the relation between J/Nm and KT/F ac- 
cording to (2. 9). _The part of the dotted line is~ 
of less accuracy on account of approaching to 
the limit of convergence. of (2.9). . 
In the case of the 
one-dimensional ferro- 
magnet, we aré able 
to obtain the rigorous 
solution by means of 
the present method. 
For vanishing field, 
the number of con- 
figurations which have 
2n oe antiparallel spin 


es 


pairs i82(5) ), factor 


2 is because of ex- Pigsds 
changing +with—. As Rash ; 
the excitation energy corresponding to it is and, : 
the partition function js i 
‘ % 

N/2 NIJ Int z 

Se B2(, Neue” ae 4 

A ee 1 RZ Sa os . ; 4 

= (C¥T +e” wr)¥ 4 (exrP—e” aKT)N, (2.10) > 

This is in agreement with what is obtained by 
eigenvalue method. é 
y 

§3., The Propagation of Order at Low 4 
Tempore he ae 


! 


2 


In order to interpret the diffuse seattering 
of X-rays by an alloy which is partially disorder-_ 3 
ed, it is necessary to know how the presence of . 
one atom at a certain lattice point affects the 
probability of finding the various kinds of atoms | 
at any other lattice point. It may happen in 
future that the same knowledge will be demanded - a 
about the scattering of neutron by a pik Bs 
For convenience, we take the Ising model ° “ot | 
ferromagnet in place of an alloy which containg: 


‘Sones that a piietaty site, let it be denoted 
» 1s. definitely known to be occupied by a 
eS ain. We will investigate how this 
ee affects the. ayaa tenes for: a ee 


ices away. The partition funtion of eee 


be denoted by fii; Sox» ein aie 
First, we consider Su fe this case, we must 
aleulate the partition function under the restric- 
tion of that Oth spin and ist spin are parallel 
to each other, Thus we obtain Table II for Sor 


d that there i is no external magnetic field. 


to 


e Table Il. £7] 


hs A Wal cae aN 


Gg. aN SNHI4 
17.3 Oman if 3N— ry 

BLAS a sat dN 6. 
LOD ss err SN IE: 

sie CS aa 3N?—52N+192 
ABT 2: de Dye, Byte 
GHG nee: 20N-120 

BN = Biol ON AS 


aes Ride. GOIN SEO! 5! 


(sy. = 10)8"- GN 49N +1T6)8" 


+ oma Meee (ONL) 


for ‘the case when: oth Oth. ae ist spins 


are { arallel to. each other. Let us call it the 


become poorer ‘as the dimension is inereased. In 


Comparison’ with (3.2) and (3.4) shows 6 fe Le: 


$ probabilities by that theory, but only C(0, ‘1) is 


im CO, a 1— eee at 109 +3908" 
; ee ae and (3.5) sibwrs ee te 


_ approximation proves to be better in simple | cubl 


~ C(O, 1)+1—28°—108" +148" - 708" i 
- C(0; 2)=1--26%—128" | 168! — 888" 4.2814 23681... 
~ (0, 3)=1—285—128" + 168"*—898": ri 
CO, 4)=1— 28°— 128+ 168908" + 8424081. 


~ C(O, n)n = 


Nc sol aa dane 
29: 


ceacheis 
\ 


_ ‘This results agrees with the one obtained by van 
der Waerden which is quoted in the paper of 
Ashkin and Lamb(). 


~The author has no. PODOM: ee 
tunity to read his original paper. “ase 


By the same way, the following resale are reo - 
obtained : By 
C(O, 1)31—28°—10R" ; 148° —708'+1768'" 626818... 
CQ, 2)1—2A°—128 + 16612 — 888144212815 —790R18... 
C(O, 3)=1 —26°—128" + 16812908" + 216," 818418... ha 


- CO, 4)=1—26°— 128" 4.168908" + 2164 —82081%,.. 


>; seal C(0, 4) to terms of order 8", ; 
@. 3). 


CO, wn = 


It was Zernike(®) who first’ discussed’ the pro- 
pagation of order. His results, however, were 
not good because he used rather rough approxi- : 
‘According to, Ashkin and Lamb, his 


“results are rigorous in one-dimensional case, and ues 


_ mation. - 


simple clibie lattice, 
Zernike O©(0,1)=1— 28° 68. 


nike’ $ approximation for low. temperatures - ‘is 
As Bethe 
Takagi’ 's theory") does not treat with the prop 


aalid up to terms of ‘the order p°. 
gation of order, we cannot get the correlation 


obtained. from short range OEOer 


Bethe-Takagi ay 


pancy arises at the term of the order 6, 2 


ee Sain 


atte 
ha ED 


lattice than in two-dimensional case, but perhaps 


this may be accidental. 


at 


Recently, Shimazu’) improved « on the ‘Peruike 's 


oe 


treatment combining it with the Bethe’ s theory. ; 
His results are following : a 
Shimazu 
: DOB Hs 


4288p... AA 


CO, 5)=1—-28°— 128+ 168908" 4249818. 
/ 
=6 equal C(0, 5) to terms of order 8". . 


(3.6) ° 


spin and 1/’th, 2/’th,... 
. gonal direction are 


oe £ NR with (3:3), (4. 1) and (4.2) shows that 
fin general 
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Comparing (3.6) with (8.3) and (8.4), it is clear 
that the Shimazu’s method makes the Zernike’s 


-* . one better. 


§ 4. The Correlation Probabilities of 
More Complicated Configurations. 


‘As Ashkin and Lamb() have obtained the 
correlation probabilities of more complicated 


configurations in two-dimensional lattice by using 


eigenvectors, the author also obtains them in 


’ simple cubic lattice. As shown in Fig. 2,. the 
correlation probabili- 


ties between 0 th spin 


® 9 ® e 
Pant itth)/2/th,.,.spins °F 
on the next line shall 8 Z ; 3 kas 
"be denoted by C(0,1/), 
Fig. 2. 


CO, 2/),.... These are 


ertNO; Vy=1- 2p°— 1284" + 168" 86a + 2098"*—76R8'8.. 

‘4 C(0, 2!) =1—28'—12p"* + 168! —908'4-2168'6—8143'8.. 
C0, 3’)=1—28)—12A" +1681?—908 +2168 —820818.. 
Re i vei n!)n > 4,. equal C(0, 3’) to terms of order A. 
(4.1) 

' Next, the correlation probabilities between 0 th 
spins on the body dia- 


90p14 + 216815 
vey —80888... 

0.2/1) =1—29'— 129+ 168"*909 2168" 

Cat —820A18. . 

Bs C10, Win > 8, equal co, 2!) to terms of other a 

e (4.2) 


+ C(0,1/)=1—28'— 128+ 168 


mak C0, n) > C0, n’) > C(O, n!'). (4.3) 
(4.8) are easily understood by Fig. 3, since _the 
distance from 0 th spin to 1st, 1/th, 1/’th spins 
becomes larger in order, the ordering effect be- 


comes smaller in pro- 
portion to it. 


But j i$ 
‘whatever the direc- 

tion is the correlation 

probability between 


0th spin and a spin 1’ 
very far away from a fi 
-it coincides with the 

Fig. 3. 


_ following C(0, ~), 
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‘initial arrangement of ordered pair 0th and 1st 


CQ, 2)=1--A— 
~ CQ, 3)=1—8°— 78" 4.73548" + 1028'5—459p8. 2. 


(Vol. at 
\ y 
C(O, 0)= 1—28°—126"9+ 168° —908" + 2168" —8208".. ‘} 
: 7 

(4.4) 

CO, eo) are. connected with the spontaneous 
magnetization. J/Nm (in binary alloys, the long © 


s. 


range order) as follows, | 


C(0,. 0) = Silt UNM). cs) 


dr, Sen wg: 


If one calculates I/Nm from (4. 4) and (4.5), it iy 
agree completely with (2.9). 
Next, when the initial arrangement to, con- — 
sider is an ordered pair of adjacent spins, that — 
is, we know that Oth spin’'and 1st spin are par- — 
allel to each other, the correlation probabilities 3 
between them and 2nd, 3rd... 
denoted by en 2), C(01, 3),- 
lows ; St el 
44644 g4gte_g6gg'8.. 
C(01, 3)=1—f°—78" +78 —54p8" +-1028'§— 46383 . - 
C(01, 4)=1—A*—7p" + 7p—55p'4 + 1048%—478 p's, . .. ; 
; 

q 


spins shall be’ 
_ These are as fol-. 


C(0l, 2)=1—p°—6p"° +662 — 


. 
» 
. 


C(01, 5)=1—A'—7A" + 782—55p4 + 104p'°—479p"8... 
C(01, n)n = 6, equal C(01, 5) te terms of order A. 
: (4.6) 
The same calculations are performed when the 


is replaced with ordered pair of 1st and Vth 
spins ; 


68'° 684%—43 R44. 83R'5—3588 8S . 


C(114, 4)=1—A°— 78" 7855p" + 1048 —478 R18... 

C(11’, 5)=1—8'—78—7p"—55A441048%—4 79818... 

Cll’, m)n => 6, equal C(11’, 5) to terms of order By, 
7) : 


Comparing between (4.6) and (4.7), ° 4 


C(11’, x) >C(0.1, 2). (4.8) 
\ 7 

The reason for (4.8) can be easily understood. In 
the diagram of Fig. 2 the ordering effect from F 


1’th is larger than that from 0th, because the iS 


distance is shorter. 


‘Whatever configurations of initial arrangée~ 


_ ment be taken, the caleulations can be performed 


with the same principle. In these calculations 


this method .is superior to that. by eigenvectors. 


: For example, when 0 th, 0’th, 1 st and Vth ers 
' are parallel to one another, the correlation Pro- 


babilies between this elaater -and 2nd, bdic's 


pas 


KC v1, Qea1- a 

ool’, 8)=1—B'— 
(coor, 4)=1-8' 
C(OO/11’, 5s le es 
(00/11, nyn = 


~ 68". 63%" 3104 75829160. 
68" +782 41 p14. 94816 
6814-78" — 4284 + 968'° — 3958"... 
“689+ 1p -42p" 4 969" — 3968", 
6, equal (00/11, 5) to terms of 
| (4.9) 


“the case. ‘in which 2nd, 3rd,. ae spins are 
or —), are denoted by COL, 2), C01, 3),-. 
ey. 


These ; are NRE ter ie ih 
Vide f ati 


2) = a 3a — 814A 494. 08"—209". ) ¢ 
| cs ee ae ) 


ge \ 


37988... 


_) (4.10) 


t 


if 


ordered pair dpnponel the value 1/2. The: tae : 


é and R. Kubo for valuable discussions and ‘also 


(yar: beucnd Je ‘Phys. Soe. Japan, 5 (1950) %. ee 
(2) F. Bloch, Zeits. f. Phys. 61 (1930) 206. 


(4) J. Ashin and W. E. ‘Lamb. Jr, Phys. Re 


CT): Shimazu, Prog. Theor. ‘Phys. 4 199) 201, 


ol 


ordered pair therefore has no ordering influence : 
at all at large distances, since the probability 


of finding a + or a — spin at a given lattice 


point when the disordered pair is not present is * 
also equal to 1/2. The spins of the: disordered 
pair thus have the tendency to annul each other’ 'S 
ordering effect, the cancellation being euniliey. 
at infinite distance. _ 13 
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which give him a motive of this calculations. 
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Introduction. Wier tnekd 


der at low temperatures. Above the Curie 
point where there is no ‘long range order, order- 


ng effect still exists by means of short Sache : 


us ‘As far, as, the bainaee Serie however, 
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ee ey aoe, oe By Takehike Ocucut, 
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4 


} 
/ 


there is no fentinent of this. problem for the i S 
three-dimensional ‘fe erromagnet. In this case the He yi 


_ method of eigenvalue problem becomes too eom- fh: 


plex to draw out any concrete result. So in this — 
paper, we will discuss it by a new method which 
resembles the virial expansion for imperfect gases. 


- neighbours, namely “‘pairs’’. 


32 Takehiko OGUCHI. 


$2, The Partition Function for High 
Temperatures. 


In this paper ‘we continue to consider simple 


‘eubic Ising ferromagnet. The ‘partition function 


which has the same contents as (2.2) in Part II, 


“is expressed in another. form for vanishing fields 


as follows, 


f= exp (K 3) 4:4«), (2.1) 
- pg=tl <u> 


where K = J/2kT. 


Since the notation are just the same as those in 


Part II, so we do not explain them any more 


except first summation $3! > which is to be un- 


derstood to extend over all possible states of the 
system, i.e., it would have to be written explicit- 


ly as 
= Syeeie >t (2.3) 


“4 pg=tl py=4l Hg=tl My=tl 


As it is difficult to carry out the summation of - 


(2.1) directly, one might try to expand in the 
power series of K®. But it is much easier to 


carry out the calculations transforming it into 


the form 


f= (cosh K)#*S} 1 (14+ iu, tanh K), (2.4) 
% B= +1<tk> , 


-and then expanding it in a power series of tanh 


K. Where _ means that the product is carried 
<> 

out over all connecting lines between the direct 

In developing the 


product, we get a sum of various products. But 


after it is summed over all values of the ns, 
et the greater parts of the terms will vanish. Non- . 


vanishing terms are only those which consist of 


_ the pairs forming ¢losed polygons in the same © 


way as dual transformation by Wannier®. ‘Of 


_ course, as they are in the three-dimensional 
. ‘lattice, these polygons are not always on one 

' plane. These non-vanishing terms are independent 
_ of ~;, so they are simply multiplied by 2” when 
; the summation 3} is carried through. Thus the 


Ladd mo 
. partition finietion is expressed in the following 
_ form, 
‘fie ay (cosh KT Sankey (2.5) 
_ where «= tanh K. (2.6) 


2, is the coefficient which is to be calculated. It 


(2.2) © 


. Hoe (Vol. a 


i 


is so difficult to obtain analytically all 2, that. 
we here have caleulated’the terms up to »=8 
which are dominant for high temperatures. Non-_ 


vanishing terms are the following; 


2, oe oO, = 3N 
2, = 0, = 22N 
9 375 
QD, = O.+O,x oO, = Nt 1s RNS | 


where ,, is the number of closed polygons each 

of which consists of ” pairs, and o, x, does not ; 
mean thé ordinary multiplication but means the © 
number of all configurations in which two poly-— 


gons containing respectively pairs exist not 


f= 24%(cosh K)*4[14+-3Ne*+22Ne° 


+ (gun) 5...) 28) 


Hence the partition function per individual spin ~ 


valid for high temperatures is 


f'/% = 2(cosh K)[1+3«'+ 220° 41928...)  (2.9)* 


$ 


“so as to hold-any pair‘in common. Using (2.7), 


=_so? Se 


If we expand (2.9) in power series of K, we will 


obtain the same result that Ter Haar® has ; 


obtaifed by the method of Opechowsky® up to 


the terms of order K®. 


In the two-dimensional ferromagnet, Mont- 


roll® has determined Curie point by searching 


t 


a point at which two partition functions corre- ~ 


sponding to ours, i.e. the formula (2.8) in Part 


~~ 


II and the formula (2.9) in the present paper, — 


have the same value. 
operation in the three-dimensional case. 
unfortunately, due to poor convergence of (2.8) 


We have tried the same 
But. 


in Part II, a definite point, such as that in ns 4 


two-dimensional case, cannot be determined, ee. 


the range of existence of the Curie point K, may 
be concluded’ as at i! 


0.21<K, <0.24. 


(2.10) 


; P ate Ve oI 
In’ the three-dimensional ferromagnet, the 


reason why above calculation . is less accurate, 
may be attributed to the following two. possi- 
bilities: :-one is that the analytical property. of . 


the Curie point of the three-dimensional bre 


romagnet may differ from that of the two-dimen- 


* In reference (6), the coefficient. of «$ is'incorrect.  ~ 


one, and the other is dnabe since the Curie | 
oint of the three-dimensional ferromagnet ‘is: 
higher: that of the two-dimensional « one, the series 
valid for low temperatures becomes: less ¢ conver- 
| se near the Curie point. 

i - Recently Kikuchi obtained the Curie point 
| of the three-dimensional ferromagnet by his ap- 
proximation corresponding to the variational 
i method ‘of Reaniers/ and Wannier®. His result 
exsists within the limits of (2.10). 
| that his approximation is good. It may be said 
an ‘this connection it must be noticed that. by 
the first: approximation of Bethe, K, is equal 
to 0. 20. aes a 
§3. The Propagation of Order at High 
He) Fe eatices 
ie Now, let us obtain the propagation of order 
‘in simple cubic lattice at ‘high temperatures. 
‘The course of calculation is similar to that in 
Part H. 
function of the state in which some spin polarities 
are fixed and ‘the ordinary ditt a function not 
‘restricted. ' i Do Se . a 

‘ At first, let us consider fy. In this case, we 
must caleulate the partition function (2. 4) in- the 
‘restriction of that 0-th spin and 1-st spin are 
‘parallel to each other. 

oe ‘Thus non-vanishing terms are, in addition to 
closed polygons, those lines consisting of succes- 
ive ‘pairs (of. course, they are not always on 


one plane) which start from 0-th spin and termi- 


‘nate at 1-st. spin. 
eth: and 1-st spins which make these terms vanish 
in §2 are, from the first, taken offi in the calcula- 


Because the summations of 


: ion of Su Thus, 
“fa = 9°-* (cosh Ay" +2a.e" 8.1). 
where BMPS: : 
. - © = Seie— un 
ae ‘ 9. = O3= 4 
9,0'= w= 38N © 
QO = Wj5-+ 041 x o, = 3N +40 (3.2) 


a Og = 5 = 22N 
‘ @; pee = out On x 4% O,+o, = 34N' 4.456 
375 


7 = = Say} Oy xy = te: = 2 yy 


This shows 


. We need the quotient of the partition, 


a, areca Ferromagnet (IID). Be 38° - 


nm 18 the number of all configurations i in which 
starting from 0-th spin and passing my, pairs, it 


terminates at m-th spin which is a distance of n 
_ sites away from the 0-th 


spin without passing Ie] 
4 e—s 
through the same spin Wy 03 
“more than _ once, (see, , Ges: 
Fig. 1). mx, like | e—x—e .4 
Waa Wig 


(2.7), does not mean the 
ordinary multiplication 
but means the number 
of al configurations in 
which an and exist 
not so-as. to hold any 
pair in common. Using 
(2.8) and (3.1) the correla- 
tion probability C(0,1) is. given, - 


S oll ae e+ de°-+408"+ 4568". Eat 


C(0,1) = De 
ae @. 3) 


By the same way, the following results Sree 


obtained, 


fer apie. nae +4068 +456«°. wy 


- 


COO, 2)=51 et 4 12et +1768 4: 284865...] 


coj=40 pet he) 4 B04... cule | 


COA =F tet +00 411566...) 
' Se Bole 
C0,5)=511 +65 46007 2.. ise 
C0.6)= 501 spehie? + Bhat 2 ae 
; 
CO)=50 | apt cai aed 
i! 
C0,8)= 511 dew) rand] 
As may be seen, 
1 
C(0,n)=~5 1+ 0(6)] C5) 


rk 


(3.5) shows that at large distances the correlation. 


probabilities approach the value 1/2, and there is 


no ordering effect-as was in the last scetion. of 
Part II, which meang there is no spontancous 


magnetization or long range order. Figs. 2 and 


8 show (3.3) in Part II and- (3.4) in this paper.. 


“ 


0.92 
j PSE K = 0.30 


bt ee ee eee 


\ K= 0,25 


a et ed ee ee 


Fig. 2. The curves of K=0.30 and 
0.25 are calculated according to (8.3) in 
Part II and those of K=0.20 and 0.18 
according to (3.4) in this paper. 


Clo,») 
he 


oF 


ry) 


ye “i 07 


0.6 


or). Fig. 3. The curves of’ (a) are calcu- 
3 - lated according to (3.3) in Part II and 
> ‘those’ of (b) acbording to (8.4) in this 
paper. 


§4. The Paramagnetic Susceptibility. 


In order to calculate the paramagnetic ‘pus- 
_. ¢eptibility, we must add the energy due to the 


6, is the total number of the following arrange- 
‘ments; starting from’ any spin, moving a lattice 
distance along a pair, we change the course at 
will and move a lattice distance along ‘another 
pair, and repeat this operation n times. This is 
one of the so-called problems of random flights. 
Compared with the ordinary problem of random 
flights, the distinct points are that the paths are 
always on pair lines: and that it is not allowed 
to pass through the same spin more than once,. 
Owing to latter restriction, the alalitical evalua- 
tion of 0, is very difficult. 


dynamics, we can give the paramagnetic. suscepti- 
bility as follows, - PA ts 


§5. Other. Lattice Types. 


rigorous solution is \ebpained by above method, In 


34 o) Pakehiko Oguents a (Wol. 6, 


external field H to the partition function (2.1). 
Thus. 


f= DSexp (KS Hier 2 Ai) 


w,=21 


= (cosh Sheen C)* = Jk ott + actae) 
By=+ 


x 1a: in tani) (4.1) | 
where C = mASJKT. : (4.2) © 


Since the susceptibility is the coefficient of — 
(tanhC)? in log f, the terms in (4.1) required for 
our calculation are, 


f = 2%cosh K)*¥(cosh C)*[1 + 16,,«* | 
x(tanhC)?+@,et2..] (4.8) 5 


6; = 0, =3N | 
65° = 0,=215N. | 
6; = 0; = 75N it Ahdhee Mia 
0, = 6, = 868N rae. 2 


6, = 6,4+0,x iy = 9N?-+1755N 
O, = 8,40, x 0, = 45N*+8355N. 


. j 
eee ee aye ee ee ee a ee 


——.- a 


— 


Thus according to the relation ‘of: thermo- 


‘ 
—_—sT se ae 


Nut 
his eel KT ae + (log r) 


=. ae “(14+-64-+30e2 416062) 
+ 726e4+3510«5+16710«5---], (4,5) 


_—_ > a ) oe. oo 


1 ° ae 
Te = be 468644 + B04 ; 
—54054318«5-. 09. (4.6) — 


t 
SRG 


In the one-dimensional ferromagnet, the» 


BN Se tee Oi he 


tee ‘Three-Dimensional erromagnel (my. te as 


‘- An ass: TT oe + shiek) = = = 2N (cosh K)* , 

fs pins = 2(cosh K), . i 2) 
This Foanit: is obtained by various ‘method as 
mentioned before, but (5.1) is the simplest method 
among them., The correlation probabilities are 
also obtained exactly in the one- -dimensional case. 


| 


t he results are following, 


ve (0, n) = oil +n]. (5.3) 


whieh i is valid for all ees Hence there 
an be no spontaneous magnetization or long 
ange order in the one-dimensional ease) because 
2(0, ) tends to the value 1/2 when m increases 


fanction in “Statistical mechanics of: one-dimen- 
sional substance,’ 2? “by Nagamiya. >) 

ie Next, for body centered cubic (abbreviated) 
same: calculations as that for ‘simple cubic (s.c.) 
5 re also performed. Only the Tepets, shall-be 
iv en, ‘ ; : 

“be. e. f/¥ = 2 (cosh Kt [141264 1a8e"-- =+]. 6.4) 
i c.c. ye = 2 (cosh K)' [14+ 86488. kG) 


Tes method to obtain ‘the Curie point from 


alue ‘on account of poor convergence. 
The partition function for the paramagnetic 
egion is easily obtained by Bethe-Takagi’s 


ee Ey "6 2 bog a = 2 (cosh Ky 2 (5,6) 


Bec z is the number of the nearest neighbours. 


it is interesting to compare (5.6) with (2.9), (5.4) 


ind (5. 5). Bethe-Takagi’ s approximation has one. 


parameter more on the low temperature side, 
han on the high temperature side in short, 
heir treatment is asymmetrical on both sides of 
Jurie point. Thus the terms corresponding to 


he closed polygons ‘which are,to bé an ‘origin 


yf dual transformation are missed, 
id ‘The reciprocal of Pevamaga cue Ss ae 


is given by, 


as 


5.3) corresponds to the molecular distribution ; 


oy ‘.c.c.) and’ face centered cubic (f.c.c.), the — 


_ valuable discussions during the course of this 


+ high temperatures nob not give a definite 


aoe? in hus the partition function — 


? 2Nu* 1 Ne) 
_b.e.¢. Caer rae 8x + 8x?— 8x3 Mig +]; 
te copes a 
ie: esa esagl [Nea 
€.€ rine gu 12« : n 
412K? +360 418004. + -]. ADS) ke 


Fig. 4.. 


2 ry pon aeaee 
ae is vs. kT/J from (4.6), (6.2) 


and (5.8). As shown in the figure, the Curie- . ‘ 
Weiss’ relation holds. fairly well. But in the — 
vicinities of the Curie points they deviate from 
straight lines. The theoretical paramagnetic 
Curie points K, are obtained from the aeymiDe Cae 
of (4.6), (5.7) anid (6. 8) as follows, 


S.Cah ot re 0.17,. ok sip Bi 
bee. Kp = 0.18, (6.9) 
fice. Kp = 0.08: ara 


Fig. 4 shows 2 


In. Sceahion ok the author wishes to: express : 
his sincere thanks to Professor Y. Takagi and 
Professor R. Kubo for their kind guidances and 


hanes 
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2 ke case of barium: strontium titanates, 


to form solid solution® and to have 


her Curie temperature ‘than. that of pure 


titanate in- contrast to the case of 


1. ee 
mal, expansion, ete., have not yet been 
so. far.* ptt ee 


1e os ting Axe of, “Tend: setrontium tita- 


led knowlede of the lead titanate itself. 


‘ ng 
tit ned solution. me ' 


~ 


Be ea however: seem to indicate ae 


a eertain temperature higher. than 500°C. 


* At the Meeting of Piysical 


1, 1950, K, Suzuki & S. Miyake pointed. out that a 
amount of discontinuity 


e point cecurs for bariu 


lead titanate, 


Dielectric: and Thermal Properties of Barium: ‘Lead Titanates . 
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lead titanates ceramics have been re-: 


‘permittivity, au 


ites, however, seems to stimulate us to get 


peetthiey bigs to beste the physical ; 


8 3 Permittiviey of samples it 


2 Baniired at. the Gurls point of the men- — 


mperature, but we cannot ae sure mae 
0 ntl the | existence of ae point owing to. 


ly that lead titanate has a dielectric anomaly | 


Society of Fics held on - 


ue of ‘lattice constants at the . 


- 
s \ 


ra i 


$2 pI Ai aac of ‘samples. = 


ae operation’ over again. i 
_ As ihe content of lead titanate 


ous molar percentages. ee 


eee I. shows one series of 


“solute valae of permittivity becomes lowe 


the case of streBaTi0, + 60%6PDTIO,, th 
tivity at room temperature is at 
becomes ten times” large at l 
perature of about ones 


a ioear Aires eieeen them, : 
“this linear relation. holds good i in 
of molar aa: we ‘fing, by 


0 100 290 300 i 
ore ie 3 Fig. 1. es 


0 
(100 80 60° 40 20 0 


: BaTiO, moe. A PLTi0; 
i Sete “Fig. a | 


measured because of its lsitve loss factor aber 
‘such. high temperatures. 


4 


; Curie-Weiss’ formula bolds aiowe the. Curie 
Beersinre, that is 3 


| a nes 1 
aa es ve T. a 


esees0 jandj T.2arej constants to be determined 
empirically for each molar pereentage.® ©), @) 
Fig. 8 are c for peereral molar ratios. In 


“ie 


yo 80 60.4 2 0 
‘BaTiO; PbTiO; 
Fig. 3. Se 


heh 
mol % 


contrast to our results of barium:strontium 


titanates, in which C decreases rather rapidly. r 


with i increasing percentage of strontium titanate, m 
_C is seen, ins Fig. 8, to be nearly constant in 
the case of barium-lead titanate. In view of ‘the : 

ionic radius of Pb++ being nearer that of Ba++ : 
than Sr++, this fact may be expected to be rer 
alized according to the idea due to Santen-J onker® 
& Roberts® regarding dielectric constant fof oy 
simple crystal lattices, which says that Ge is 


most sensible to the thermal expansion. 
$4. Thermal expansion. ar 


The method of measurement and. the aparatus 


9 1 aS 
Femperatinre (&) 
; Fig. 4. 


ium titanate. 
the seale reading for the sample of 806 
202¢PbTi0,, which scale is proportional 
sth at each temperature, where 


V=6.7 em, D=281.0 cm, 
a=11.0 em, r=0.189 cm 


(2) 


e original notation.©. , 

Jp to about 155°C, the sample is observed to 
jn a monotonous way and to contract at 
tures “between 155°C and 180°C, after 


Pines EA 
ais ie 


/ (ee ae 7 s ¢ EY 
urie point, as seen rather less. 
aH Sh sealiine OR * ak Sn pees ORE AO ate 
ly, due to the’abrupt increase —_—” 
“Mbyte ac lated , r 
‘actor, in Fig. 5. Thesestates - 
‘s have been found also in 
cases of barium-titanate and 
get i We. fs ‘ * 
rium-strontium titanate. - 


y ul 


Using the ‘data in Fig. 4, the 
rmal expansion coefficient 8 is: 
tained, as is plotted in Fig. 6. It 
he en ‘on the figure that B de- 


Me 


ases. gradually from room tem- 


oe, 
below the transition point. 


-titanate and barium-stron- 


‘The ordinate in Fig. 4 shows | 


it expands again. 180°C corresponds to. 


ANS ole) os ae 
EL LL | tm ezine eat vate 


7 
ty; 2 


x in & 
ase. 


observed at/174°C in our 


. 


’ 
* 


veoy 


integrated relative - contraction 


Sen pris 


1% 


itanate. es % 


of barium titanate 
on sy j 3 ; f Fs o 


\ * ¥ 


pet Core Mesge te ate ak 


nee 
pier 4 


Ree 


harp anomaly was observed at the Curie tempera- 
ture, which is ‘illustrated in Fig. 7. -The magni- 
tude of the. anomaly at the Curie point is not 
estimated by our measurement because of the 
feature being discontinous. As pointed out 
already, this method of measurement is not 
favourable for such samples that have poor 
thermal conduetivity, and so, the results may 
probably give rather a average value of the 
samples. 


§6. Discussion. | 


_ The changes at the transition point of the 


various physical quantities oceurs rather discon- 
_tinously_ and the amount of anomaly of thermal 
‘expansion is large as pointed. out by Suzuki & 
Miyake. 
lead titanate, the detailed investigation. has not 
been carried out, but it has been estimated 
As_ the 
sample ‘becomes - richer in lead titanate, the 


Regarding the erystal structure of 


to have an orthorhombic symmetry. 


asymmetry of erystal, for instance, the difference 
of a and ein ‘the tetragonal region will proba- 
bly be predominated. In ‘consequence, it might 
“be said that the jump at transition temperature 


| of the various physical quantities becomes larger 


“as was observed. In the case of barium. strontium » 


titanate, the influence of adding of strontium- 
titanate is effected in the opposite ‘side. - 
fin the sequence of ionic radii of Ba++ (1. 434), 
“Pht (1.324), and Sr++ (1.27A), Ba++ and Sr++ 
ee the. inert gas configuration, while Pb++' has 
no | The atomic polarizabilities associated with 


its electron configuration of the compunene atoms 


__ structure by X+rays is much desirable, in order 


(1) 7, von Hippel and co-workers ; ‘Ind. & ‘ung. 


Us 


; Bariwm-Lead Titanates, - , 39 


mentioned above may probably be considered to 


' make important roles in the ferroelectric ‘be- 


haviours and the ‘related phenomena of the 
materials. . pee 
Due to Roberts, the relation between Curie- 


Weiss’ constant C and thermal expansion coef-_ a 


_ ficient 8 is given by 


Con? gy at Mare ae 


where « is the atomic polarizability. In our — 
case, 1/C and 8 have the nearly same value of 9 


x10-", so that the change of permittivity with: . 


' temperature is considered to be mainly. due to ae 


the thermal expansion. 


Futher detailed investigation of. the lephes! he 


to clarify the mechanism of the ferroelectricity ah 


of the material under consideration. Now works igaes 


regarding lead titanate itself are in progress in. 
our laboratory. fs 

The authors wish to express their hearty thanks ‘ 
to Prof. T. Muto ear his very kind advices and 
instructions. 
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5 we: sometimes ‘come upon mathematical . 
Se are of similar nature in both 


eae if these difficulties are 
e; an advance in our knowledge: with 
a the behavior of ph! nena in 


ae pressure m of high: polymer solutions 
nded i in the PRTer aees poe coeeco nen 


To My 


the common volume’ of. two es ic! 


gas constant and T the absolute coe AN 
dogs not vanish. es numerical fs ctor f 


a: ie According to the theory of. Zimm®, the 
d and the third coefficients A; and A; are 
. by the expressions ; 


Teal and spheroidal Palen, fs 


A; = et (2) 


s 


Cys 


oo scape of oe 


ieid Sribethovaloida: The Sieg ‘positions of 
wo ovaloids A and B are determined by six para- 
meters which. compose a space G in the group 
lof motions. This means that the relative posi- 
ions are determined by the motions of B from 
| standard position, considering A to be fixed. 
(Th en its motions, corresponding to the rélative 
positions in which A and B interset each other, 
constitute a subset J in the groupG. The evalua- 
ion of the integral of Eq. (7) is reduced to search 


after the volume of J. 


“In order that the result does not cde peae on the 


required to seek for the Haar’s measure m(L) of 
iT. in Ge 
teristic function F(a), aweG, over whole G. In 


‘Iti is ‘obtained by integrating its charac- 
the group of motions G, translation group gis 
the rotation group. Let us perform the inte- 


that over G/g. (Fig. 1) >.>. reamed 


The reason is that | f(«&)d£, which means the 
integral of F(@) over xg, is a function of subgroup 


% of we. owing to dé is the left’invariant measure 


NES er : sing sin t+C0S 6 cae 
access —sin 9 cost-+-cos O cose sins, 


Now we think about the function Ff (@)- 
is obtained by- the motion of B which keeps its 
orientation in space. The point o/ fixed in B 
describes a surface C when B moves around A 


always in touch with A (Fig. 2). A and B inter- 


point of C: f(@) is the volnme of C. Itcan easily 
= demonstrated that C is another ovaloid. 


choice of the standard position ‘of B, we are - 


the. normal subgroup and Gig is isomorphic to 


gration at first over each coset of gs and. after. 


--. eos ¢ sin t+cos 0 sing cost, 
eos gcost+cos @singsint, 


sin @cos¢,. ‘ ie ean 


This. 


et each other when and ane when o” is a. 


okt) ig Sate 


BoTy ome ie Soar 


. Fig. 1. 


\ f (wb) dé = \ flax) day 
9 g 


¥ = \, F (xan) dy te F@); (ag). 


‘Thus, if: we remember dx is the left invariant 
measure of G/g, _ 


(3 (6H) de “Su, 


Hence, - 


va 


‘we m(bl) = m(D. 


This means m(J) given by Eq. (1) does not depend oe 
_ on the standard position of B: In these equations 


we have already used the property that. the Haar’ s) 


measure of G can be factorized as didé using the 2 : 


Haar’s measures of its normal subgroup g and - 


the factor group G/g. 


F(@aGa =| F@)Av- “ue 


m(bl)={ an de| flbetyat= ( aap nym | 7) a, i 


ty 
as 


The infinitesimal volume element of Haar’ s Ri 


measure of translation group g is the ordinary : 
volume element of three dimensional Euclidean 


by®,, 


dw dt, ¥ 


Les; 1 
ee sin edb de ee Rx® 


if we express its elements by 
—cosrsin 0 


sin@ sing, cos 8 


§ 3 o 
ction. 


We fix a coordinate system to ‘ovaloid A and | 


name its. origin O and think a linear function 
ae+By+rz of x, yand z with constant coefficients 
a, 8 and 7 which do not vanish simultaneously. 
It assumes a maximum valve at a point P(z, y, z) 


space and that of the rotation group Gig is given oie 


‘Ovaloid and Its Supporting Fun- 


% (Fig. 2, 


i 
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‘on the surface of A when (a, y, z) moves over the 


surface. The maximum value determined uniquely 
“by x, 8 and r is the so-called supporting function 
of the ovaloid with respect to the coordinate 
‘system, and it is denoted by 

H(@, 8,7) =an-+By+rz. (10) 


As one can see easily, H is linear homogeneous 


function of its Tenece a, @ andr: 


oH 0H 
da te ar: AD) 


H(a, 8, beer 8 Ha 
Hence, 
mis big tie =0, 
+Hpa+PAys +-1rHsy = 0, / 
Ha +bHy5+1H,, =0, 
det (Has) = 0. 
At the point Pa, y, 2) where H is maximum 


4 (12) 


ade-+Ady+rdz=0. 


On the other hand from Eq. (8) 


f aH = wdz+ydBizdr. '* 
Accordingly, 


BEL fu ae DEE eaten 
Eanes tate Tien ee 


Then, if dz, dy and. dz are the differentials along | 


the principal . lines of curvattine and R the 


bes cos’ ¢, singcosy, —cos¢tan@ 
H= 2@ OK ; a“ 
= cos (og +) sin ¢ cos ¢, sin’ ¢, sing tan@'| nye) tet keene 
—cos¢ tané, —sing tan 0, tan? @.- Poe 
—sin29, cos 2X i . (rakes 
Uy 2s keke Sh Bik 
Rete og ( sine ae ) cos2y, sin 2y, —cos¢tan4 '~ % 7A 
. baie '—cos¢ tan dé, Fable It ty 
: 7 te 4 ee os ° sin” | =a ie : ? 4 
iy (ie Me Po ue Asha ae aS ke 
eater sin?d dy? " sing q +X) —SIN¢ cos, | cos’y, = 0 © (18). 


ee radius of curvature, it holds the Rodrit 
gues’ formula: _ 4 

da = Rdx, dy= Rdg, dz = Radr, - 

(f+ 0472? =1) | 

and we can see -the eigenvalues of matrix (Hap) 
to be 0, Ri and R, if Rj and R, are the principal 
radii of curvature of the ovaloid. Now we can’ 
express the volume v, surface s and integral oft 
mean radius of curvature! p of an ovaloid by! 
using H and R,, Ry as follows®® ; 


0=5 ~{ HR,R,do, } 


s= | Rkydo = si H(R,+R,)do, 


o= | Hdo == \ (Ri Ry do, | 


~ 
* leche 
intimate sca tie abe pniparystis 


(? +847) = 1 
where dw is the surface element on unit sphere ii 
the direction of the arguments @ and-¢ of H, 4 
being considered on the surface of unit sphere. 
The relation between this function K(0, oy 


ee 


(sin @ cos ¢, sin@ sing, cos @) and the supportin | 
function H(«,8,7)is: ; | 
Ko, ¢g)= HF Gaiescdpinnde haste Ps J 
=H (z, 8, ry). Veter, Ces \ 
H(2,8,1)= V2>RPi7 © Be | 
x K (cos-*, kWetearyeS : + (1- ;) +tan-! B/=) 
r ete $752 1a )§ 


(15). 


Thus, the expression ‘for the point P(x, y, ) 0 
Fig. 2 becomes: 


v= H, = Ksin @cos¢ 


aK | aK sing 
6 aa 
ary) cos cos o— We sind. 
y= Hy, = Esin dsing- as 
0K 0K cos ¢ 
-+-.— cos @ sin 
: 30 fo dy sin@’ 


2 = Hy = Kos es sin é p | 
and the matrix H= (Has) becomes (App. 1) 


\ a 


0, Spar 5 ae 


ih Ae 


R, are the eigenvalues of the matrix: 


Bee oly OR 
a gp. 5p Cer Og 
fo 71° 8K, 1° OK . cos OK 
| 00 ( +i 


. sin 0 ag F; sin? 6 ag sind a0 i 
(19) 


8 4. Calculation of the Integral. 


Be To ‘calculate the desired integral of Eq. (8) 


| i is. necessary to: find the supporting function of 
1 ovaloid C. 
differentials of OP and OE 'P are both TA Mee 
to the diréction (a, B, r), therefore that of OP’ is 
That is, the tangential 


also orthogonal to it. 


plane of the ovaloid C at O/ is parallel to the 


common contact plane of the ovaloids A and B at 


P. Hence, it is understood that the suppers 


pretion of C is given by 
fe i “4 


when we denote the supporting function of A by 


Hi (2,8, n+K Gs a“, BY), 


H («, B, 7), and that of B with respect to O/ and ._ 


corresponding to the rotation % by K @; x, B, r). 
This shows the general fact that the sum of the 


supporting functions H and K of two ovaloids a 


also a supporting function of another ovaloid. 


+ For the calculation of the integral of Eq. (8) we | 


define the following linear differential expression 
of H (9, ¢) and K (9, 9) which are both one valued 


functions on the surface of unit sphere : 


at PK cos 0 OK 
‘sin’ @ ag° * sin é 00 
Bi PEL ORM EN PAs LORY: 
ee ea 00 tee de ) : 
she} “ T1: OH cosd 0H 
Bie ae eee sind 00- 


li, k= ie Hs +K) 


sR) 


The origin of the . seheention of this. expression 
is somewhat analogous to that when we generalize 
norm to prec ureduct, Then from Kgs. (19) and 
20), we obtain : } a 
(HH) = OBR koe aL) 
nd thos, Feorh Eq. (14). the volume of the ovaloid 


aving the’ supporting function H(?+ 8° i = Mt) 


’ 


given by,” 


herefore; the principal radii’ of curvature R, and 


" Section 2 is the volume of ovaloid C and hae is SH 


re use the formula of ‘Eq. (14), and accordingly 


In Fig. 2, OO! OE O/P, and the » 


unit sphere when we consider K operates on H. 


demonstrate the following equality : 


belt oe? ee "a % Pe eg ie El hed 
3 “a 4 Le) 1 


aC. ts JO oe 
v= =| HUH, H) do. aac) 


The integral f(z) on the translation group of 


2 


expressed as: 
F@) =F |KO) AKG), HKG) do. By 
Therefore, if we denote the volume element de rina 


of rotation group G/g which corresponds to the — 


rotation of B by mee “day Gr, the desired 
integral becomes: | nae i a og 
mI) = > La F(@) do, dry. eH Ree 


To caleulate this we show the above ogee 
Eq. (20) is self-adjoint on the whole surface cof 


That is, if L(0, 9) is another one-valued function 
on the surface as is H(6,¢) or KK, ¢), we. ‘shall se 


(cu, K)do—\H(L, K)do 40. 


For convenience we put: 


oH ow 
ee, Sein Pe 
ubal ena ORL Ea Oy ee 
sin@ d¢ sin 6 ao fee 
Then: . 
(LH, K)—A(L, Ej} sino 
Oe a eae OK 
yy ee ae? eos 4 sind ‘Ky 


. oR 
Sune (Op i 


+ (coso.q—2P —sing so ae ( 


hee Pp) (<4 es ) 4 “ss 
alate oe) aa ar 


x rena % 
as Gg EURO s (2% ho 


~ 9o. 20 \ sino Bale @ “ape tK 


Hence, the left hand side of Hq. (25) becomes: ee: 
[ Bh {L(H, K)—H(L, H)} sin odode 
0 0 


amr, Rey aera OK . 
“7 \, [sino Ping ag? * sind 00 


i) as pena @ m) 
059 aint. 06) 3 Lona 


AG aalpee, e 
ml eee 78 (xox 


a 1a, nae iron Ke) 4 do 


+5 H (Ka), KG) do +> K@)(H, Hyde 
aa 
coef eda 3 | RH, Padi 
(26) - 
re v4 or UR represents the volume of A or 
. Introducing Eq. (26) into Eq. 


el. H(K@), K(@)dodoy any 


ro H) do doyle. 7) 


or sin 0 oe dg sin rs a, a dr. 28) 


a and ie are ‘the parameters of rotation 


M ” by the orthogonal transformation given 
2 9 hk and KO, 015.713 9,¢) represents the | 


yee x } its 
Now if if Bye tat 


* 


sin 0, cos¢,sin@; sing;,cos®3L e 

Pog, eo Ei 
From this, we,arrive at: 
v : ' es (35 


‘ BOO 9S oe Lok 


Yee ae 


with respect to %, and | au "According! 


ecoriees ve e ; 


Neha (o, z 6) doy dry = = Bem, : 


‘ where on is the integral of — mean 

curvature of B over its whole surfact I 
the corresponding integral in Eq. (4 
goneeves, the surface pee unit sphere), . The | 


final reqolte: 


om) = = abet 


¢ “of B in. the direction 0,¢whenit 


ate by the angles #1, % and 1 from its 


nda position. We integrate Eq. (28) at first 


spect to 0, % and T1. Then, the integral | 


ae >A» aay » Vy 0,9) da, dt, : (29) 


Reaanes this is just 


= uae = [KGz) de; GeGla), (80) 
oi is the constant rotation of B from (6, ¢) 
) which does not inelude 0, > 9, and 7}, then 


y A endl B, 0a is the snalogoas 0 one to, E 


r) 


rairsauathe: Eq. (96) sie ae 
obtain the explicit formula for fi 7 


es eS aye 
fn ecaaks 


than 1 when the shape of poly dey 
oe sphere. This fact gives a 


ye 


uD a pa 2; op os 35 ; 

* ; = peat ; , 
Se Ase Th (36) 
ue and the Seantity in the bracket i is not Hephtive 
owing to the inequalities, : 


e428 and -s s* > 36nv". ' (87) 
|e ete: the equality holds ‘only in _ the case of 
Beers 

_ So far we have treated the homogeneous. case, 
but the case of heterogeneous polymers can 
jeasily be obtained owing to the form of Eq. (35). 


In this case the osmotic pressure is given by. 


Ties = = o/Mi+ 33 Aajesey+ ieee ees : (38) 


where G is the concentration of the i-th species 
of solute, M; is its molecular weight and Aj; is 
defined ‘AS follows : 


Ag= 


oan M; v 4 gatir3) d(i) a 9). (39), 


eB Ag: is given ‘by ‘Eg. (85) we can eerie: 
this equation as Eq. (6) simply by replacing its 
tmembers s by their number averages : 


. My = SNM; x Nass 
= SINwi/SN:, | 
= SN Niee/ > NG; 

; ; Tee aUNis:/D N;; 

. : He file ME c./M: : 


~ Again, ‘trom physical point of view, we ean 


(40) 


$ 
> - <S) 


= the result to the case of angular ovaloids. 


¥ 
\ 


= 


Also Ons matrix Hf can be written as follows: 


3) A(A+sin 0 cosy) K, Pein. 
a AL ‘H=| A(Btsinésing)K, B(B+sinésing)K, C(B+sin@ sing) K . 
aie A(C+cos0)K, _ B(C +0080) K, C(C+c0s 0)K - 


where the e following symmetrical relations waeesed:: 


a LS REE A(B+sin 6 sing) = Biainin acted O57 pea 
Bie: eee os B(C+cos 8) = C(B+siné@ sing), (AD) 
ae | C(A+sih 0 cose) = A(C+c0s 9), 
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For the sake of brevity, let , 


ies 


1 


At least, the general principle of calculation 


explained in. Section” 2 can be applied to such 
cases or even to the cases other than ovaloids. 
We shall discuss these in later articles. 
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Appendix 1. i Beets 


sing 8. 


A=cosde Fo incr nee id aed 
A-= ¢0s ae ce ie 


Ihe cose. (7) 
Lp 6 oe 
B= - cos # sing a ? ne te’ 


$e (AD) ay 
C= —sin a 
00° 
then a (17) becomes: 
v= (Asin 0 cos¢) K, 
= (B+sin @ sin ¢) 1 
Bice (C+ cos 6) K, 


s ee aR? 
A a ay 


V+Yte= ete 


Gi aeain 6 cos¢). K - 


We, ‘thus. arrive at oe as) and: obtain oes following expressions for the principal iat of curvature. Pe 


Bir, 07 ~ cond 
v A BAR, a ce a sin’@ O¢% sind 00 at?) K(0, e)» 
Pa ivigt its IT OK cose KS 1G 
: ; RR, = ee +K) Gan ag? sin 0: a6 +K) ¢ $ 


( 1 eK 


sin 6 00 00 


cos 8 oe ee 
~~ gin?@ a9]. 


Fite 18 


x 


as Het casa that the theoies of high 
solutions based on. the lattice-model do 


bered basis Ai is caleuleted by ihe 


a in the. Preceding articles) 


face area 8; which, in all, Reredtona to 
ension of the group of motions G. “When 


In the hetero- 
us Case, we merely think of the three mole- 
quantities p, s and » as \the number 


‘ 


e N, is Avogadro’s number. 
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and dbs is the surface element ¢ on the unit 


--ealeulated wheather we use Eq. (4) or 
to calculate e in the case o angu 


akan taro ioe 


to the ovaloids on a corner 


; f MS oF ee ey 
the length of perpendicular 


e molecules have the same shape, the result | 
essed by 
: 4N,v 
Ane aga Doig 2) 
iy Me a ak J POY Ae 
f 1+ \ Teno t)) ; (3) 


length. 2b, radius a. 


< ae Nae 


’ : ' 


average quantities. 


They are ‘calculated | 
following formulas of differential geometr 


= laR,Rdo, 


ie (Se = a“ mi Rd : 


eS = tae = a Fer Rade, ¢ hahad if : 
‘gig 


where Ry and Ry are the principal seas 


bela to the direction of fe o “A 


pbine of view. At any rate v badd) 8 ¢ é 


we must use the first expression o f EK 
A ean, oe. fixed in this case. 


$2. 


Angular ovaloids. 


‘we put the contact plane ) vate 


Pak mea Meira A 
we can easily calculate — i 


to the contact plane ‘that’ ha, 
ise A esis function of - 
the direction (6, 9). To. 
illustrate this we » begin | 


with the case of cireular = 
cylinder. 


(1) Cylindrical model. : 


High Polymer Solutions. UD). Lg ae 2 ‘AT 


y 
t 


pee wa) 


Ww rigee that 1 the » perpendicular . one EG. (5) asa function of b/a. Theeylindrical 

ae is given by see ‘ model corresponds to, for example, cellulose of — 
“HO, o=a ee D hie cos ay tobaco mosaic virus. 

(2) Regular Tetrahedron. Though this shape ~ 


a Aus, o is s ealeulated 2 mace? he | ASMA f is 
Re has never been considered in’ the theories of high | 


E % = ae fae ‘(a ees 10+-b 608 a)s eins odd, polymer solutions, we wish to calculate the. Cots) 
ers , ; respoding coefficient Ag’, because this corresponds _ 
atta ke =Br(b a2). ‘ain 
; to the second virial coefficient of imperfect gases 4 
when the precise molecular force is neglected. Let a 


a . feo ° the length of the sides of regular tetrahedron be ay 
ae 2aa(a ey Paeek oenep sey Y 2, and consider the corners of tetrahedron are eK a 
‘ put on the circles of Fig. 3. The coordinate. a heat 
erefore, fi is given by Fe eS ‘ i _ axes are parallel to BA, CA and DA and the 
2 ‘i ahs “5 (2 ae Zier Sih, et nae ‘ origin O is put on the center of tetrahedron 180, 
25 ad “2b J wnat) that the coordinate of point A becomes (134, 1). 


nd the Soe ental coefficient Ay is. In this configuration, when a contact plane. to 


By, fe \ : ie has the tetradron Bandes: through the point ee it 


aaee, “es seg) 


~ (6) ‘equation is 


Bava |r * Wate Peak te 
Aer AO li 


Pied is just fee same result Se letiaen by Zimm 
7 somewhat complicated integration. Fig. 2 re- 


oes yee “Hine = 0, 


_ where a, B and 7 are the dirention cosines, an 


he supporting | function’ ean. 
a7) BT) ee eee. i Ok a, fe 


\ It can “readily be understood that ‘he per- 
pendicular line from 0 to the contact plane ) ne 
moves over the triangle ABCD when, Me plane 
rotates around A. There- me 
fore, we can reduce the 
integral for o,- which 
“must be integrated over 
_the surface of unit sphere 


to the surface integral 


Beas #. i a ¢. @  .*® on the triangles such 
Rg ae axial sale ou bla as 4BCD. (Fig. 4). The 
: transformation’ ‘of sur- Fig. 4. 


Fig. 2. se for ovlinanies! case as a funcion 
of axial ratio. face element is given by, 


et v= Ter 2, 
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aS 
do = e+ yl tz , 
(10) 
a, y, ze 4BCD. 
“Thus, we ean calculate » in the following 
manner : 
. A atyte dS 
~ Saneps ety +2 vty te 
A al BER (11) 
neon. +r)" 
3 


Because of p is linear with respect to the length 
of side, we obtain the following value for p cor- 
responding to the tetrahedron of side-length 1 

p= By o° (12) 
On the other hand the corresponding values of 
volume and surface are: 


s= 3. 
Thus, we obtain for /: 
Feab/2e (13) 


In the more general case of arbitray side-length 
1, we are only required to multiply J on the left 
hand side of Eq. (12), whereas Eq. (13) remains 
invariant. } 

_ (8) Regular Octahedron: Let the side-length 
be WY 2, and the contact plane considered as above 
is put on A (0, 0,1) of Fig. 5, and thus be expressed 
as: . : : 


PI-1.1.9) 


SiLin 


Fig. 5." 


ax-+ By +7(2—1) = 0. 


In this ease the integral for @ can be reduced 


‘other. 


to the one over the square PQRS and- the 
nalogous_integrals which correspond to the | 
when the contact plane is 


put on the other corners of p a 

the octahedron. Since H is’ 

given by ; : 
Han pyr yen, (14) 


we can evalute the integral g* 


ay 


just the same manner as the 


: Fig. 6.-°9 

above case (see Fig. 6): a 
| | 

= 6 er ead Sins aee 88" 'S : 

Wen porsV 2+R +7? 2+ f247° { 
radrdé £ 

= re pays = Me 1 

#8) ere ) ( 5)) 


“g~~ 


Therefore, if the side-length is 1, p is given 
- P ? v- 


-_~ 
_ 


p= * = 2-2 m 
The volume and {ha Wartane ee are given b 
v=V2),8=2V3. 

so that Ff becomes: , 
| fa lt3y3 _ 15,9, (18) 


: 4 


Jf is also independent of the dichonsiod but i 
characteristic of the shape. 


cases ; the caleulation of the latter ae be left t¢ 
the reader. 

o/4x is a mean of mean radius of curvatu e 
and may be called a ‘mean radius”. The corres- | 


‘Mean radii”? thus caleulated are also 
listed in Tab. 1. As one can see the order of 
magnitudes of mean radii is interesting ; and is- 
very plausible. : 


§3. Ellipsoid of revolution. ee : 4 | 
Next we consider the ellipsoid of revolution 
« = asin 0 cos ¢, 
¥ = asin @sing, } 
“2 beosd., 


2 ae (19) 


“Regular. Regular + 


aft, C Ader): a ee 
‘Tetrahedron Octahedron Gy. Circular 


line 
disk  segme 


side length J ' radius 
Rc ee Padiug? & 0.0) eke ae 


Oy hie 2/8,’ MeN neath, 0, 

TORO EWN, TESS cra a as 2 Cow Sea SSN 
DT eee eb ar]2y/A,- TW bref ap a etn 
a Lao ae 1.230 = 4,4 = 1/78), gas 


cael f Mi 


na? +(n4+3)al+P 


_as8v By "i 


the axial ratio. of solute, molecules as. 


Of ‘revolution. “Actually a a Hemoglo yha oe 


ae lower than the latter. In part this Gok 


HiGeatinent But an. attention must be paid: ‘to the , a 
- fact that the viscosity and ultracentrifuge methods _ ie 
show sometimes the discrepancy. of almost the . 
with the : _ same order of magnitude as the above results. 


/ 
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This may be, originated from the different average 
values of these different measurements. 


§ 4. Concluding remarks. 


In Fig. 8 we expressed the present result as 
the relation between A, and the intrinsic vis- 
cosity [v7]. Although the intrinsic viscosity is 
merely related to one solute and A, to two solute 
molecules, the former is determined as A; by the 
shape of solute molecules. [y] in Fig. 8 corres- 


1 2 3 TPE 
~ axial rate 


Fig. 8. Relation between iritrinsie viscosity 
and A, for ellipsoidal molecules. 


ponds to the case of total Brownian motion”), 
By the parallel measurements of osmotic pressure 


and viscosity, and by comparing the results with 
the theoretical curve of Fig. 8, we can thus | 


easily read the axial ratio of solute molecules as 
ellipsoids of revolution. 

' At the same time we have explicity expressed 
the parallelism between the osmotic pressure 


_ and the viscosity, which have often been recogniz- 
ed experimentally), 


But it must receive an 
attention that the curve should be raised at least 


_in accordance with the ratio between weight 


average molecular . weight and number average 
molecular weight when we treat the heterogeneous 


polymers. 


Another attention must be ‘paid to the fact 
that the present results are confined to the case 


| 


/ 
/ 
\ 


_ (7) J. M. Burgers, Second Report on Viscosit 


> Wol. 
of rigid ovaloids where the attractive part of mo 
cular potential is wholly neglected. Owing ) 
this attractive potential the theoretical values } 
A, will be diminished from the above peanll 
Actually, in the case where the molecular intera 
ction is strong enough A, assumes even negativ: 
values. : 

- At any rate, it is interesting that the coe! 
ficients illustrated in Figs. 2 and 7 are both in 
creasing linearly with the respective major axis 
This will be also true for the second virial coef 
ficient A,, because the factor v/M,? in Eq. @ 
may not sincerely depend on the molecular length 
This tendency seems to be more reliable than 
the values of A, themselves calculated in thi 
paper, and will be ‘confirmed easily by parallle 
measurements of osmotic pressure and light sca 
tering of high polymer solutions. U 


Note added in proof. : 


Fortunately, the coriclusion in the last soctidh 
of this paper is confirmed by the following ve 
eomprehensive experiment : 

~P. Outer, C. J. Carr and B. H. Zimm, J. Che 
Phys. 18(1950), 830. 
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1. Introduction. e. 
In several aspeets of radio meteorology and 
ae analysis of tropospheric propagation 
roblems, it is necessary to know the electric 
asceptibility of a single water drop as a func- 
ion of. drop-size, temperature of the atmosphere, 
nd frequency of the waves. The susceptibility 
ormula which owes to Mie® and Stratton has 
videly been employed to explain satisfactorily, 
0a certain extent, some of the phenomena con- 
erning the microwave.propagation through mist, 
ain, ‘ete. Nevertheless there remains still a 
iscrepancy that the theory predicts minor mag- 
itude compared to that_ deduced from meteoro- 
ogical observations. 


In liquid ‘water a small fraction of molecules 


nd, negative ions of equal numbers, which are 
oreed in an electric field to move in opposite 
rections according to the sign of each ion. 
conic polarization rosults when they are confined 
within a _sphere_ -of drop and the polarization 
ives rise to an electrie dipole which may be 
garded as characterizing the water particle. 
 Liquid-theoretically, the polarization arises 
irom two auterent sorts of ionic transportation. 
In water each oxygen 


atom is ‘surrounded on 


hydrogen atoms dis- 
posed in an appro- 
ximately . tetrahedral 
"manner as shown in 


figs, 


Ionization re- 


: Fig. Wie “Liquid water 
sf ¢ “structure. 


_—_—— 


two more distant 
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issociates at ordinsry temperatures into positive “i 


the average by four 


sults when one of the © 
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hydrogen atoms approaches to an oxygen atom 
to form together a hydrogen ion. The hydrogen 
ion in water is accordingly to be represented | 
by H,0+ instead of does, 


Transfer of the hydrogen atom, or more cor- 


rectly a proton, from one molecule to another /_ 


leaves the oxygen atom of the former molecule 
with one close and three distant hydrogen atoms. 


and the oxygen atom with the closer hydrogen: se 


atom constitutes the OH- ion. 
When an electric field is applied, the H;O* ion 
travels through neutral water molecules to some 


extent’ in the ordinary diffusion manner. On -~ 
account of the anomalously high conductivity of — 4 
water, however, the ion is regarded to be ‘trans-. a 
fered also by the so-called prototropic process — 


to a neighbouring water molecule to transform ¥ 


it intoa new ion. Thus the ionic transportation 


is seen to occur in two ways. 


Transfer Equation. 


§2. 


Consider first the diffusion of H;O+ ion. In 2 


order to displace in water from one point to 


another, an ion needs a suitable site in the direc- 
tion ‘of motion and the production of such a _ 


site requires the expenditure of energy. Suppose © 


a potential barrier as shown in'fig. 2, and assume 


_ that the ion possessing energy larger than that 
of activation can pass over the barrier from an 
“equilibrium position to an adjacent one at a 


distance 4, under the influence of an electric field 


E directed along the positve z-axis of a rectan- 


in which a proton of the H,O* ion is ‘transfered “ape 


gular coordinate system. The energy in the ini- ps: 


tial state may be regarded as being increased 


by an amount ow, where w is the work done m \ 


moving the ion from one equilibrium state to 


the next and « is the fraction operative between 


‘ 


2 
ee; 


=e 
Raat . 


+ 
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Fig. 2. Potential-energy barrier for 
ionic diffusion. 


the initial and activated states; similarly, the 


energy of the final state is diminished by (l—z)w; 


fig. 2. 

If f(T) and f*(T) are the partition functions of 
the ion in the equilibrium and activated states 
respectively and e* is the activation energy per 
ion at O°K, then, according to the theory of 
absolute reaction rate‘), the specific rate @, or 
the probability that an ion passes over the bar- 
rier in unit time is given by 


& = (kT hPL) F(L)} exp (—e*/kT), (1) 


) bx 
it being assumed that the transmission coefficient 


_ is unity and the tunnelling factor being neglected. 


The partition function f(T) for the initial state 


is expressed as 


AT) = (2xmkT[h2)? v7-bs exp(—e[kT), (2) 


where the first factor in the right-hand side is 
the translational contribution of a single ion of 
mass m moving in its free volume v,, and k,T,h 
involved in these formulae have their usual signi- 
fieance ; 6; is the combined rotational and trans- 
lational partition function and ¢, is the difference 
in energy per molecule at the liquid and gas 
states at O°K. 

The partition function J*(T) for the activated 
state, not including the contribution of the degree 
of translational freedom normal to the barrier, 
is written 


£ PL) = emer iny! vA de exp(—elkT), @) 


and, on assuming that b;=5;*, equation (1) yields 


~ given by BE cos ¢, where @ is the factor arisin 


i = (KT /2nm)*v7* exp (—e*/kT). 


If n(x, y, 2) is the ionic density at the initi 
position, it will be seen ‘that the net number ; 
ions ¢. crossing unit area in unit time in 


direction of field is given by 


‘ape ai | Rae UF *L neswinr 


a) / 


On \ —A-a)w/kT4 -Ex/kT 
(nie, 


or, since the work done w by the. field E=|E| i 
moving an ion of charge e through a distance Aj 
eE’> by 


—€X/kT 


: 24,3 [ek a 
oir a lin” ae eee 


upon making the assumption that 2 is so smal 
that w<k. f 

Consider next the ionic transportation due t 
the prototropic process. To make the argumen 
general, it is supposed that the O-H linkage, tl 
length of which is to be increased as the resul 


of the proton transfer, is inclined to the field a 


from the effect due to neighbouring molecules.” 

Accented notations will be used in the follow 
ing for the quantities which concern the proto 
corresponding to those used above in discussing 
the diffusion process. The specific rate a! ¢ 
proton transfer will be given, as an analogue ¢ 
(4), by 


&! = (kT/2nm!)*vy > exp (—e*//kT). 


This yields, for the probability that an ion pass 
in unit time over the energy barrier in the dire 
tion at the angle ¢ to the field, . | 
a! exp (—w'/kT) Bites 


= (enm! toy 3 onl (i ar wa. 


where w’=’/e8 E cos ¢ is the work done by t 


effective field in moving the proton of charge 
through the distance 24’, It has" been assume 


for simplicity that the energy at the initial sta’ 
is increased by the amount «/w/=wl/2, ‘i 
Now, since the rotation of the, molecules pre 


ne: 


yably “oceurs ‘rapidly, ‘in comparison — with the 
roc 


| he potential barrier has. virtually travelled the 
istance from one oxygen atom to a position on 


ess under consideration, a proton in crossing 


he further side of an adjacent oxygen atom; this 
Jistance greater than 4’ may be taken as 4, or 
e average dimension of a water molecule in 
ny direction, so that 2cos ¢ gives the component 
irected along the field. 


hon putting w'/kT'=6 cos 6 weere 0= Ve 8 E/2kT, 
bquation (8) yields for the velocity of proton 
ppeins the es 


ey, = = Her acm? of cos re exp [(—e* kT) ; 
ieee +06 ceed. (9) 


be proton Pesnikos may occur in any direction. 
ind it is equally likely of three protons: belonging 


or the mean eaeste of proton, “atten Bee aha 


ver all eens, and multiplied ie three, 
; r 


= 3 Ne saerizenty ! “exp (e*//kT). (10) 


“The transter of pe is ‘equivalent to the 
novement of H;O+ ion in water, so that the 
yumber of ions c,/ transported ‘by the prototropie, 
recess along the Pome z-axis is given by 


ia ;) ae ai 


7 em! (11) 


rt in 1 general the field depends on time, the 
onic density n, a function of time also, has to 
ae the equation ‘of SOnUanIA Ey 


oh te (e+e") = SO A tC Sey 


mere c and i iene respectively the vectors 
ionic currents caused by the diffusion and 
By use of (6) and (11), this 
quation reduces bore Se es ee 


rototropic processes. 


in 


Rie =<" tpn = u(Pya), as) 


= (rz) oe exp (—e*/kT) l 


aaa 7 ica exp[ie—eW VAT}. (14) 


eB. 


oO an BOs ic ion that any one of them is transfered — 


view te LY 
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‘Distribution Function. 


A spherical water drop of radius a is supposed 
to be in an alternating field E=E,¢-it whose i " 
Since the field 
the two polar’ 


vector is parallel to the: z-axis. 


— 


is symmetric about the axis, 


coordinates r and @ may be used instead of rec- i i 
tangular w, y, z, provided that the center of the 
sphere is at the origin and that @ is the angle 


made by 7 with the z-axis. Equation (18) then 


becomes ; 
Lan i1-0/ , on 1 0 an > nee 
pa \ Pit 
6 Ob- 72 ale ia) ‘rt sind 06 a0 (sim * 50. 7 mee | i 
On sind On, Pa 
(cos 0 Oe ee 
with 


y= vy e-tt, & (e/kT) u(T)| Ey |: 9 GBs 

It may be of interest to note that equation 
(15) reduces to the one given by Debye in ‘the 
limiting case that 7 tends to a, the average 
dimension of a water molecule. Bi 

If the applied field is static E=£,, that is, 
@ = 0 or vic ve by virtue of (16), the ionic current | re 
attains finally to an equilibrium so that (13) re- 


duces in scalar fae aah ete to 
on 
le —Vp COS O-n=0 


1 On 
| % 90 + sin,@- Ae elas 


with the appropriate solution 


n = no exp (¥yrcos®) (m= const). (18) 


Thus the ionic distribution is seen to be Max- | 
wellian in a uniform static field. 


Now, consider the case of the periodic field as 


of radio waves incident upon the ; pene re By the ; 
transformation X Y i ee Pat A 
i y : ¢ ‘ 7 : 
n= ¥ (r, 6, t) exp is ros @| Vs (LO) ene the 
equation (15) reduces to , / : 
Loe y\2 eae i. 
F ot av+lie = 57 C08 O— a | (20) Mn 


' where 4 is the Laplacian operator for two coor- 


dinates r and @. The function ¥ is expanded in 


powers of » and all terms beyond the first order 


Rit oe 8 Se eee et et oe ee | ee ee” ee eo oe eet 
vs A ae ™ - =a = 
~ ae * elk : , 
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will be neglected since v is, as a rule, very small 
for the field of radio waves. Thus 


she! See oN + vdy = O(v?) ’ (21) 


and the functions ¢, and ¢, depend on the posi- 
tion coordinates alone. Upon inserting the ex- 
pression in (20) and on equating the coefficients 


of », it is seen that 


4¢, = 0 
eae Yr COS Oen,| = 0. (22) 


The integral ¢, of the first equation is apparently 
equal, by (21), to the ¥ without the field opera- 


_ ting and it may be taken as a constant n,, say, 


‘by virtue of (19). On putting again 


1 
9 = + 4 PCOS Om, , (28) 


the second equation of (22) transforms to 


AG +eE=0, «= (oftjPemli (24) 


The appropriate solution may be constructed 
from zonal harmonics P, (cos 6) and spherical 
Bessel functions j; («r) since ¢ is to be finite-at 


the origin ; 
\ 


g= a Cr ji (xr) P; (cos @) (25) 


where c,; designate the: coeffieients of expansion. 


By analogy with (18), the boundary condition 


for m is assumed such that 


(n)r-a = n, exp (Ya cos 0) = n, (1+vacos 0) (26) 
that is, for ¢, in virtue of (19), (21) and (23), 
. (®)r-a = @.COS OM « . (27) 


Upon use of this condition, the coefficients cq are 
determined in virtue of the orthogonality property 
of the Legendre function and the solution be- 
comes finally 


m= m (1+va {ji(er)/j(na)} cos 6]. (28) 


In arriving at this result, an approximation has 


been made such that the exponential factor in 
(19) is expanded in powers of yr with terms 


beyond the first neglected provided that va-<l1 
for a=>r. 


§ 4. Electric Susceptibility of A Sing! 
Water Drop. : « & 
The distribution function derived in the prece 
ding section for the density of, positive ions ma 
be regarded to a first approximation as valid 
for that of negative ions, the constants invol 
in the function remaining unaltered, inasm 
as the OH- ion possesses the mass and acedss 
ingly the specific rate of transfer nearly at 
‘to those of the H;O+ ion. It is then sup 
that the ionic distribtion is symmetric with 
spect to the azy-plane as the positive and eal 
ions are of equal numbers in the sphere. * 
If N, designates the number of water molecule: 
in the drop, 7 the fraction of dissociation, and 


the averaged component of ionic coordinates al 
the direction of external field, the dipole momen 
p of the spherical drop is in magnitude given 


|p| = 27N,ez ; @ 
where, by use of (20), eae: } 


z Af" Wace 0, t) + cos 6 sin 6 dr-dé, 
1/A = ‘ Jnr, 0, t) r?sin @dr de. 


eee 
The integration is readily performed and leads 


@ = ve-' age (wa)/pi (Wa). ' 68 


The dipole moment per unit field-strength defines 
the electric susceptibility and, consequently, con 
bination of (16), (29) and (81), divided by E, giv. 
for the compley, puecen ary of a single drop 

‘=|g|-avinegs ise 
where, by (24), 


‘© = (0/6)? exp (ix/4) . (88 
In the case of static field, evidently 


Nina ede 
K>0 €0 j1 (ea) 


ole 
ve 
Fe 


this gives for %, as it would be, the same resul 
as obtainable directly from (18). 

On inserting numerical values in (82), it may 
readily be verified that the susceptibility of 4 
water drop presents a greater magnitude ‘that 
ithat given by the Mie-Stratton cea if 7 


4 eae 


; and for. helpful comments. 
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. On the Breakdown of Alumina at Higher Temperature. 
: By Hisao MIYAZAWA and Jun-ichi OKADA. 
Matsuda Research Laboratory, Tokyo-Shibaura Blectric Co., Kawasaki: 
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‘ | 
physical interest and practical importance. 


Introduction. 
The sample used was a heater with a spiral ie 
3 a On. the dielectric breakdown of alkali nalides. type electrode inserted into alumina layer aot 


a ‘number of fine experimental and theoretical shown in Fig. 1. The heater was a tungsten — 
works have been done up to the present day oh he 
because the _phenomena offer ‘some interesting 
a -oblems- that Sl with electronic picpetate: of 
solids. ee ei Ties . 
4 It is important, however? from the practical 
standpoint such aS vacuum tube technique, that 


the. insulation performance must hold at very 


high | temperatures and vacuums. ' Though there 


Fig. 1. 
are | ‘numerous. materials which may be called \ ites mules 
“insulators”? at or below room ‘temperatures, — wire, 25/100 mm diameter and 40mm length, on. My 
only few metal-oxides whosé melting point is which a layer of alumina. was coated about 


very high, are applicable above 1000 °C for the 7/100 mm thick by means of electrophoresis. and ~ 


urpose of the electrical insulation. ee segs sintered at 1700 °C in a hydrogen furnace. After. a a 


bs. In the present. paper ‘we will take up alumina _ ‘a fine tungsten wire 4/100mm diameter had been S 
which is the most. common. ‘one among them and closely wound about 100'turns at the middle part _ ie 
investigate it penavon.< of breakdown at higher of the heater, alumina was sprayed “on it until ie; 
lamperstare. - the wound wire was nearly buried, and sintered- 


again by the above method. 
§: . “The apiece Peace of Measurement was done by a simple circuit 


~ 


hag the Breakdown. Voltage. eee shown in Fig. 2. Breakdown voltage V,, is the 


maximum A.C. voltage, which’ can be applied 


“We investigated first the. temperature depen- 
dency of the breakdown strength because of its between the heating wire and the outer electrode, 


56 


provided the voltage is slowly increased. The 
v temperature was controlled by currents through 
the heating wire \and was calibrated by the 


optical pyrometer. In Fig. 2, T is a transformer 


1 oe ] 


SLIDAC 


Fig. 2. 


{ of which maximum secondary output is 2000 volts 


_ and of which output voltage is controlled by a™ 


iv 


“slidac in the primary side, V is a. voltmeter 
measuring the breakdown voltage, S is a sample 
which can be heated by a storage battery B, and 
R is protecting rheostat, 10 kiloohms maximum 

"resistivity, which is adjusted properly in accor- 


__ dance with the breakdown strength. 


To begin with, after evacuating to about 
gt 10-4 mm Hg, the sample was flashed for about 
; 10 iseconds at 1580°K in order to exhaust the 

ie occluded gas without aging effect. In the next 
place, the temperature was decreased down to 


; a definite value, then the voltage applied between 


if ‘electrodes ‘was increased slowly from zero volts 
_ until the breakdown would occur.’ When the 
i ‘breakdown takes place, the voltmeter falls down 


___\to zero volts and the currents of several hundred 
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Voits 


“BREAKDOWN VOLTHOE ~Vm 


milliamperes run through the alumina layer, © 


leaving black spots in it. 

The results obtained at various temperatures 
are shown in Fig. 3. In spite of the fluctuation 
of the observed values, their average points are 
placed on the full line shown in the figure. 


Though there are’no experimental data ‘between 


» 1100°K and room temperature, it is obvious that 


the curve below about 1200°K is practically 


_ horizontal, while the temperature dependency 


above 1200°K is remarkable. Hence the curve 
‘is divided into two sections. As for the latter 
_ section, log V,, vs. 1/T curve linearly and rapidly 
goes down in accordance with the temperature. 


increasing. The same phenomena had been 


{ observed on the other ceramics,® @ @ ang had 


been interpreted as follows: ,The section. 
dependent of the temperature is due to 
“electron avalanches’? in solids and is ca 
“electronic’’ (or “disruptive’’) breakdown, whi 
the section dependent upon the: temperature 

due to the Joule heat which is produced 
currents and is called “thermal”? breakdown. . 
By. the way, as the operating coe 

the practical heaters of vacuum tubes is relativ 
“high, let us consider the phenomenon of ther ne 
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Fig. 3. Temperature effect on Vi, & Re of oes, : 


breakdown only, Since it is due to the Joule hea 
as stated above, it seems natural to investigat 
how the breakdown voltage depends on 

; resistivity of alumina layer. The ‘ene z 
values of resistivity. are shown in Fig. 3 by the 
broken line, and their temperature dependency 
can be expressed by the formula 4 


R = R, exp (E/kT) 
which is characteristic of semi-conductor, From 
these data, activation energy E has come. o 
5eV or 2.7eV when T <1270°K or -T> 1270° < 


brespectively. Though the reason why such a kink g 
appears at about 1270 K may be mien a ‘Genera 3) 


the ‘impurity alkaline atoms contained in the 
o rm of: B- alumina may play current carriers as 
ions. © It may be interesting, however, that the 
sink nearly coincides with that of breakdown 
characteristics. 
observed recently on other ceramics.®. 


! In the meantime, the temperature dependency _ 


of ‘the breakdown voltage of alumina under con- 


sideration « can be shown by the sebirical formula 


Vin Pa =V, exp (kr), , 


“a=BR. fos 


ence we - may expect that. between ‘the break- . 


do n voltage. Vin and the PeSROnY R cen 
exists the relation ae hoy 


Mal tay’ ee / } 3 ie 
i) be sare VR. 


"Such | a . relation has been observed as Swell on. 
glass, porcelain and rock salt, ie and its theoretical 
interpretation has been tried. 


will be given a theoretical Investigation for our 


oH 


experimental results, 


“The - Theory of ‘Thermal Break. 
| . i ' 

cee the Joule heat is essential i in ihe case 

hermal breakdown as ‘mentioned above, the 


-oblem may ‘be dealt. with thermally. Let, us 
part from the classical equation of the heat 


) duction and radiation for the simplified model. 
‘When ‘no- electric field _ is applied between: 


electrodes, the rate of temperature increasing in 

the alumina layer is is given by the equation 

fo ae ; : 
dE 8 (0)—1)-00 5,7 Bley, grea na OU) 


at 


where 


v. yd. ¥olume of alumina layer between 
aus peter tradpan iho IN Ate 


: eee ees theres isa eerie 


The same phenomena haveebeen 
\ ae layer is given by the equation ' 


- Moreover, 


‘where eis 3.5 x10! °K from the experime 


However, below | 


- whereby Yo equilibrium tainberatuye Maen 


4 


there exists no equilibrium temperature, and en 


‘temperature of alumina layer will increase ‘until 


Tg) 

S;....effective area of thermal conduc- — ay 
tion on the side of the heater, 

T;....temperature of heating wire, it 


Cp IE emissivity of alumina, eh 
Gh Stefan-Boltzmann’s constant, a 
S,....effective area of; heat radia tire 


Hence ‘the equilibrium temperature T, in alumin 


wST Ty) sea ST, Oy ae 
When the field is applied, the equation © : 


ae Vee 

hea Gor Na 

eS(P—T) 00 ae ee 
\ a 
determines the temperature increasing, where | 
R(Z). resistivity of alumina layer PME Efe °K 

S, ...effective area of heat conducti 
to the surrounding alumina. 


R(T) has the form 


ved”, 


eh ey 


R(T) = R, exp (air) oy 


result. — aw ee 
s Now assuming Rien Tos we obtain. froin 
and (3) 


Eee ah : 


ved = = RD) eS 4erS.t) TS 1), a 


AK y 
where Re Si Sbs cine 
The condition in which an equilibrium temperatu 
ean exist is Waren eer aiyinn 6,7 


er vg ar ay: 
aT Hee 


v2 
RT) = («S+4eoS,T,°) (TT). 
On the other hand, when 
Or 8 far 
7 OF Cen eE 0, 


\ 


the breakdown takes place. Hence the critical ys 


condition of breakdown may be 


oT 0 /0T ay 


Then Sy 


AR 


a cw é s 
T RT) = cS+4eaS, 7, 
7). \ ‘and from’ (6) and (7) 
: As POATLBT, = 0. 


Solving this equation, we find 


j 

% Y ia nd 

2 am = ae > T,). 8 
f Pees Py OL Tg 227, (@> 0) (8) 
j ‘Since 8 is far higher than the melting point of 


out of question. 


will boldly put T= 
_ Then the breakdown voltage V,, is given by 


Vai = {72 (6S + 4ea8, 7,2) 1R(L,) 


or 
i re 


— 


Vn = 8¥ R(T) » 


(S++ 4e¢8, prey 


(1350 °K) = 2.5 x 10-* 2 (observed value), 
ors 0.4,* 


and © S = 7.85 x 10>? cm.* 


S, = 1.23«10-!em.? 


sions of the sample, we find in the result 


“2 = 0.46 volts/@'/? 


~~ and then 


V-ate: = 238 volts. 


ae —- = 


of emissivity, value of our sample, 


. * We have to thank Dr.'T. Azuma for the measurement | 


a risk H. MIYAZAWA and J. OKADA. 


(7) 


_ alumina (2050°C), the former solution of (8) js 
; Hence, substituting the latter 
into (7), the relation between V,, and R may be 
Gbtained. But in order to simplify the result. we 
T,, since T,?/(8—2T,) <7). 


/ 


(9) 


- This is the same relation as the empirical formula. 


“Since the proportional constant « in (9) ean 

be determined numerically, we will now calculate 
¢ 

the breakdéwn voltage V,, at 7'=1350°K. Since 


« = 1.67x10-? joule/sec. deg.cm., | 


¢ = 5.75 x 10-" joule/sec. deg. em.’, 


are obtained from Fig. 4 which shows the dimen- 


dent to the temperature at comparatively low 


While the observed value is _ 4 
q 

: 

Vovs. = 250 volts. 4q 

i 

Hence their agreement seems to be sufficient. 5 


$4. The Variation of the Resistivies 
and the Breakdown Voltage at a 
Definite Temperature. 


voltage and the resistivity obtained in 2, 


The empirical law between the ace 
4 
Vin oS VR, ; 


could be verified by the simple theory eee 
in 23. ~ 

According to this a the breakdown strength 
must increase to the higher value with the square 
root of resistivity increasing. Meanwhile, it is 


3 


found that the resistivity of alumina, in addition 
to the initial variety owing to each sample, can 
be gradually increased by the aging process which 
is carried out at very high temperature by run- 
ning heavy currents through the heater wire of 
the sample and evaporating the impurity (alkaline 
atoms or ions) in f-alumina. Hence the serie 
after aging at various temperatures and’ time 
intervals as mentioned above, may have various 


values of the resistivity. With these sample 
“we observed the resistivity dépendency of the 
breakdown strength at a.definite temperature 
and confirmed whether the relation between the 
breakdown voltage and the resistivity i is subjected 
or not’ to the above law. 

Fig. 5 shows the result at 1465 °K, which fairly 
proves the law of V,,«0¥WR. 


$5. Conclusion. ~ — 


The temperature dependency of the breakdown 
Strength of alumina at higher temperatures was 
investigated. Passing through the region indepen- 


temperatures, the breakdown voltage of alumina 
decreases exponentially with the. increasing 
temperature. Its temperature coefficient has a 
certain relation to: the temperature ‘coefficient of. 
the electrical resistivity of alumina, wench is 
expressed by the Stor 


eee on a Tenner In this cas 


z 


ompa atvelys figh temperatore 


“occurs. Bution such ceramics, the exper 


pp 
bx 


aN 
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e solained well, if we assume that the’ 


A 


“thas the iravereible 
inal boundaries. which 
rently, such a- slow displacement 
boundaries | are : Strongly stemmed 


esults who observed a a magnetic 


\ a 
: a cearbonyliron, Also the decrease 


rik’ expected for ‘the Ce sub- 
Nee with a a negative magnetostriction\ con- — 
"stan nt | pe). In the present Paper the ex- 
pe ‘results on the dependency of after: 


temperature and a ai tension 


- RERona are ee 
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tute for Tron, Steel and 


tial. 
Oe. to various ; values of 


z , in ‘the ease oF a tension 5. 5 Teglmm’, at 


are plotted in Fig. 1. ‘As can be seen from 


Tension; 5.5%9/mn? . 
ines Be Hi=6.0 Oe 


at 25°C 


# Bnit) in Gauss | 


Hy= -0.13 Oc 
3 = 0.15. Ph 


SS DOR eS 0108 0.22 Y ie a iO 


iri. ra Beeenging: characteristic curves for 
-_- various values of Ay under tension. of 
5.5. kegimm . La ee ie 


bse. fepate: a main be of hi dieca ving charac- 
teristic curves is well. expressed by a straight 


a pee log B(f) = Const. log gaevatne @ 
However, as pointed out in) the previous paper, 
for comparatively large values of t the formula 


does not hold exactly. 
the inclination does not depend on the values of 


is! worth noticing that 


he case of no tension. 
that those. relations hold true for various values 


effect and the final ‘field Hy, the values of Bro 


against Ey for, various values of the ‘tensions — 
applied are plotted in ‘Fig. 2; where By isan: 


amount of. the induction change after t = to = 1/100 
‘Bec. _ and hereafter Byo is chosen as a parameter 


representing the amount of. after effect. “As can 


final field 1 strength Hy at which the effect shows 


a maximum value diminishes with: increasing 
tension ; for example, under the tension. of 5.5 


Reg lnim? the maximum after effect cage at Hye : 


ts i a5, 13 Oa! phe that with no tensiog octur 
L2G, 09: Oe:. 


decreases with an increasing tension ; 


effect under the tension of 5.5 keglmm? is 1s” von 


Lieu 1/5. 3 tines of that with no tension. 
ne with a common inclination of minus. unity. 


Ke diagram of log B,(t) versus log fe, that aan > ei Dependency on the Tembeed 


Hy. ‘Those properties are already observed for — 
tis: ascertained also - 


Roig tei depend on the final field iy as. described 
of tensions applied ranging from 0 to 8.3 k nme 


To obtain the relation of the amount of after 


— cases of constant initial field A; corresponding NR 


final field H;, at 170°C. As can be seen from. ; 


‘be seen from. ‘the: figure also in these cases a 
imum of ‘the. after. effect. appears and a 


i 


Bno in 10 Geles 


Fig. 253) Be ve Hy curves for various value 
of pepicd tensions. 


The amount of after effect al 


ample, the amount of maximum value of vile 


ve 


AS ‘the ine eal of the: effect Ae 


eonfifimad: that the decaying character is. 
affected by the change of ‘temperature and 


the last paper; for example. Fig. 3 shows. if 
decaying character of the after effect for ‘th 


to magnetic saturation and of various values of © 


it, a leading part of the decaying characteristic if 


curve is also expressed well by a similar formula : 
log B,(t) = = Const.—log ¢ | 


except for comparatively large values of t ig eae 
befor the after effect finishes as pointed out in 


Hy= => 0.085 Oe -- 


” 


— 0.12 
wee = 0.75." 


‘ Hiewying characterielic curves for 
acd values of es at 390: Co of 


es ‘in. 10) Gauss — 
-Bno in J0Gauss — ‘ 


Hi =2.200 


time 


_;B 


LF; curves at -90°C and 170°C meapee: 


ively. 


<hiswenad histebenta loop. “And ee va alue 


ae, increase with ee Saar 


e 

Z4 ig 
Hoe various temperatures are. 2123 gauss a 50" 
eiet 


: ‘etaraeiey observed pane diverden: 


Richter’ Ss result, who observed am 


tera, sy co Crneitrrs 


at Re Discussion. > vege ie ean 
As ‘deseribed above the law of the change f 


vos 


Consequently, the ‘mode of 


epee se. Peevey Prop bosed 


hold tiene, aus ‘the: * differen 
tensions applied. nee 


pressed by. the ‘tore la. x 


Pere eR Ci 


where, BEL) is rate cha 1g 
induction, by the ir versib 


‘A 
x cA x 


na field 4H, aE, is a definite value of a 
ge of external magnetic field, the. value of 
which i is given a by 


= Dias) oe ae (3) 


where, ¢ a, is a velocity constant of displacement 


of the domain boundary . as ‘Peay ioualy described, 
tamely Be mee i! 


V = aH) —H He EE Pe (4) 


md ce ‘is the distance on which the domain 
boundary displaces with slow velocity. At the 


steepest part of | the hysteresis loop, the change 


of ‘magnetic, induction is mainly ‘caused by the 
irreversible displacements of domiin boundaries, 
hence ‘it. will not introduce any serious errors 


even if one assumes 
3 8H) =| AB/sH| 
ehere | AB/4H | isa rate change 4B of iupblkes 


induction due to the change 4H of the external 
magnetic ‘field along: the deseending branch of 


the hysteresis loop, Then the pagations (2) is 


expressed -by — 


: 


By | ABH | TE Liner an 3) 


of 4H; and | 4B/4H1 | . 
field strength H, (max). for a maximum yalue of 


H: see change of the 


Bass. due to the tensions applied should coincides 


to t. hat of magnetic field strength for ‘maximum 
| 4B/4H | of the hysteresis loop. As an example, 


the: hysteressis loop under an external tension 
of 5. 5 eglmme and Bio — Ay curve are shown in 
Fig. 5. As can be seen from the figure, field 
strength for the maximum value of | 4B/4H | 
changes : from. -0. 09 Oe (no tension) to 0.18 Oe 

kg/mm’), and this” change of the field coin- 
cides -well. with that Har). 
ideration also hold on the effect of temperature ; ; 


The similar con- 


the hysteresis loops _ “and Bayo — Hy curves at 
various temperatures are showm in Fig. 4. As 
it: shows, the coercive force and the residual 
magnetism decrease with ascending temperatures 


and 1 the displacement of H (mance) is well explained 
by considering that of field strength of the 


, a On t é Magnetic per fect. 


of | 4B/4H | does not decrease more than 10% 


| According to the formula’ (5), ‘the te odiney 
of Bro upon temp:2rature is determined by that 
stant value throughout the present measurement 
and D is determined by the local distribution is) 
- the critical field Hr). 
takes no. appreciable change in such a range. 


3 magnetostriction constant and the behavior of 


factors. are not so conspicuous, so that Ds may 
“be not so strongly change with the rise of tem- 


‘stant, may inerease with the rise of temperature; 


|484H| AH; in 10 Gauss vil 

B in 10? Gauss ius il G eet ‘ aT van 

Bno in’ 10 Gauss tiMiesieraass : \ ‘: 
; 10 ; 


at 25°C +9 No Tension 


; Bas Tt Ay; curves | ahs Bh 
SB A curves 
—:—:—-—-; | 4B/4H| — He curves 


Next, let us deseribe ‘the chtaee in ance 
of Bro. As can be seen from Fig. 4; ‘the value 


by change of temperature. from 60° C to 170° 
so it does not introduce the observed change of 
Bass Hence the main part of the change of B, 
should be attributed to a change of 4Hy due)t 


temperatures. Now, in equation (8) to is a con 


It is. assumed that Hor 


temperature. Moreover its” amount and distri 
bution may be determined by the elasticity, 


the. domain structure, and the changes of these. a 


perature. Another factor a, the velocity con- 


according to Huzimura’s and Sixtu’s experimental _ 
results on the large Barkhausen effect, a is almost 
invariant in the range of temperatures from that. : 
of liquid nitrogen to about 200°C when the dif- a 
ferenee H;— H, takes a valie larger than a Oc. : a3 ; 
However, in the cise when H;—H, takes a 
smaller value less thin 10-' Oe. the value of @ 
increases ‘widely with ascending temperatures.. 


less than the observed one. 


Nitin ¢ 
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Consequently we may assume that this character 
of a also holds in the general cases of the dis- 
placement of the domain boundary and in our 
case @ may increases more strongly due to the 
rise of temperatures than the results obtained 
by their experiments, because the values of the 
H, are less than 10-* Oe. Alth- 


ough quantitative comparison is not possible in 


difference H; — 


this case, the temperature dependency of B,,. 


ahi may be’ qualitatively explained by considering 


_ mainly the change of velocity constant a due to 


_ temperatures. 


Next, we consider the dependency of Be upon 
_ the tension applied. As can be seen from Fig. 


_ 2, Byo strongly decreases with increasing tension. 


Now in the formula (5) for B,,, the factor 4H; is 
determined by equation (3). Although we have 
now no precise data on the dependency of a and 


D upon the tensions, it may be assumed that the 


changes of those quantitiés are not appreciable. 


Therefore 
4H; is also considered as almost constant in 


“in such a small range’of the tension. 


vk ey value, hence the change of B,, must be due to 


the facter | 4B/4H | in equation (5). As can be 
seen from Fig. 5. a ratio of | 4B/4H { with a 
. tension of 5.5 kg/mm? to that without tension is 
'1:3.6 while that of the observed value of B,, is 
_1:5.1. Thus, the calculated ratio of B,, is a little 
Alternatively speak- 
ing the caleulated values of Buo based on the 
apparent value of | 4B/4H | are larger than the 


-_pbserved one. A cause of this discrepancy may 


' be considered as follows; with increasing tensions 
a ) the reversible rotation of the spontaneous magne- 


tization increases and a ratio of contribution of 
the irreversible displacement of the domain boun- 


domain boundaries. 


dary to the actual change of magnetic inductior 
may be decreased; therefore the ‘slop of 
observed hystersis loop diverges from the true 
value. of 6(Hy) with the increase of applied te 
ions, hence with increasing of the tension the 
calculated B,,. based on such | 4B/4H| diver 


from observed Brno. 


It is to be concluded that the behavior of ‘th 
magnetic after effect of Cr-permalloy as well 4 


its dependency on tension applied and temper 

ture are well explained by considering the relaxa- 
tion of irreversible displacement of magneti 
It is also here to be empha- 
sized that relaxation of magnetization due 
thermal diffusion of impurity atoms or plastic 
relaxation do not play the main roll concerning 


the present Mea? 


to prof. T..Hirone jwho super vine) the prese 


work. 
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Be Behaviours of Fe-Al, Fe-Si and 
Fe-Al-Si Alloys considered. from the 
 Standpoint of Ferromagnetic. 
Superlattice. 
By Hiroshi SATo and Hisao YAMAMOTO. 
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‘a Metals, Tohoku University. Sendai, Japan. 


ae preone Nov. 16 (1948), desired September, 
poe A 16 (1950) 


Formerly one. of the authors attempted to. 


explain the complicated behaviours of the super- 
lattice in x phase. Fe-Al alloys using the statis- 
tical theory of ferromagnetic superlattice, and 
the explanations of these anomalous behaviours, 
such as the phase diagram, the dependency of 
the specific heat upon temperature and composi- 


tion ete., of these alloys were successfully unified - 


by the - general - concept of the interrelation be- 
tweed the origination | of spontaneous magneti- 
zation and the formation of superlattice. Fotlow- 
ing: the. bove consideration, these alloys belong 


LO the case of ferromagnetic. superlattice i in which | 
the magnetic Curie point falls with the develop-. 


ment of order. This explanation | is, however, 
only qualitative, and therefore, there is a room 


to bring out other explanations, especially about. 


the origin of the appearance of many flat maxima 
in the specific heat-temperature curve. To make 
this point clear, the author studied the behaviours 
of the ternary alloys in which Al is replaced ‘by 


a along the composition line connecting Fe,Al_ 


te Gace in. 4) 


v 


Fig. iy Composition of samples chemically 


analysed. 
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with Fe,Si in the ternary diagram Fe-Al-Si; — ai 
Fe;Si has the same lattice type and belongs to 
the same type of ferromagnetic superlattice as 
Fe,Al. In this composition range, high perme- 
ability alloy known as ‘“Sendust’’ are included 
and therefore such an investigation also has 
possibilities to offer interesting materials for the 
‘study of high permeability problem. The results 
obtained are briefly given below: A, 
The transition point of the binary je 4 far 
ere autiee Fe,(Ali_2Si,) (0<%<1) (the peak C 
the curves of Fig. 2), which is formed in this 
composition range, rises much more abruptly | 
than the line which connects the transition point 
of Fe,Al with that of Fe,Si as shown in Fig, 3. | 
_ This fact. means that Al and Si atoms repulse — 
each other in the nearest neighbouring sites. 
The two flat maxima A, B in the. specific 
heat-temperature curve in the case. of Fe, Al 
approaches each other by the addition of 
Then they coincide together and become a “sharp 
knick which is: typical at the ordinary Curie 
point. These two maxima were explained in the - 
previous paper as those of ferromagnetic transi- 
tion and the separation into two as due to the 
interrelation between the origination of spontane- 
‘ous magnetization ‘and the formation of super: 
lattice owing to the neighbourhood of the two 
transition points. As the content of Si increases. 
the transition point of order rises abruptly and 
‘the magnetie Curie point, on the other hand. 
remains neaaly constant as shown in the Fig: 3 
the transition points separate each other ‘and — 
hence the interrelation of these two phenomena 
can be considered to become weaker. The abo A 
results, therefore, not only give the experimental 
justification of the fundamental idea of the 
statistical theory of ferromagnetic superlattice. 
but also confirm the correctness of the - explana 
tion about Fe-Al alloys previously given. fet 
The total energy change due to the decom 
position of superlattice is remarkably small as 
compared to the ordinary one. This fact corres- ix : 
ponds to that Fe,(Ali_2Si,) is the second order ane 
superlattice*. Bir 
The anomalous behaviours of the noche 
permeability of these alloys at high temperature 
are also explainable from the above circumstances. 
The details of this work will be. published | 
in the Science Report of the Research Inst. 
Tohoku Univ. (Sci. Rep. RITU) in the near 
future. , 


| 


* The cepiiation of these nomenclatures will be given 
in the full paper. 
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Fig.’ 2, gel: heat-temperature eurves of 
Fe-Al-Si alloys. The figures on each 
eurve indicate the composition of the 
alloys shown in Fig. 1 
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Fig. 3. Collected data on transformations of 


alloys Fe,(Al;_, Si), in which each composi- 
tion is reduced to this composition line 
keeping the Si content constant. 
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The Photo-disintegration of Be by the 
High Energy y-rays. 
By Bunsaku ARAKATSU, Masateru SonoDA, 
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Yoshio Sagi. 
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The photo-disintegration of Be was observed 
for the r-rays of 17.6 and 6.13 Mev. These 7-rays 
were produced by bombarding thick target of Li 
metal-and CaF, with protons of energy of 500 Key 
and 359 Kev, respectively; amounting to the’ inten- 
sity of the unseparated ion beam of 30~60 4A. T 
proportional counters of methane flow type, 
were placed near the 7-ray source, one of which 
was coated with thick layer of BeO, and the other 
remained uncoated. The Be-coated counter w: 
6cm in diameter and 20¢m in effective len, 
The pulses due to the «-particles ejected from 
the wall of the counters were counted usually 
two scale-of-4 scalers, after being colin’ Of 
the respeetive 4-stage linear amplifier. Mor 
over, special eares were taken in order to dis- 
eriminate a’ spurious count due to an accidental 
electromagnetic induction from the ee 
tube and other electric devices. . Namely 
pulses from eaeh of the counters were fed respee- 
tively into the vertical and horizontal defiecto: 
of a Braun-tube oscilloscope, so that the spurious 
pulse which took place simultaneously in both 
counters appeared as an oblique pulse on 
oscilloseope screen. It was found that in general 
the spurious pulses were seldom in winter when 
the conditions of the high tension appearatus ant 
the accelerating tube system were good. The 
linearity of the counter and amplifier system was 
ascertained by observing the integrated Bragg 
eurve in the methane gas, for the various distance 
of a sample of the Th deposit from \, the counter 
window. The counts from the Be-coated counter 
were also recorded on a printing paper by an 
electromagnetie oseillograph. The Y-ray was 
measured with a G-M counter of lead wall of 6.5 
mm in thickness, the counting efficiency of which 
was calculated theoretically by one of the authors. 
When the proportional counters were irradiated 
by the r-rays, many-pulses were observed in the 
Be-coated counter, but a few in the uncoated one. 
Moreover, the number of observed kicks from the 
Be-coated counter was found to be exactly pro- 
portional to that of the 7-ray counts. These 
facts show that the observed pulses from the Be 
coated counter are definitely to be attributed 10 
the a-particles ejected by: Be irradiated by thy 
-rays, but not to the ahi. emitted by - 


target. The oscillograph records. were analy- 
sed. and the following disintegration schema were 
oncluded. Namely, 


a) ‘Be?+17. 6 Mev T-»Bel-tn 
Ais (Bet i in 7 Mev, excited state) 
s Be aE ‘ 


; Bets 2a 


» Be 52a 


Bere remains some. unexplained pare in the 
range distribution curve, the interpretation of 
which is “net yet obvious to us*. The ¢ross- 


2.15 x 10- =? em?, (2) 5.1x10-2'em?, and (8) 1.62x 
10-2" em‘ respectively. The value of : (2) is, how- 
ever, quite different from the theory of Guth and 
Mullin®?. More precise experiments aré now in 
progress: ‘in our laboratory. - Ati i is, pe wevek, 


noticeable that the excited states of Bet of 4.8 
Mev and. probably also 3 Mev which were observed 
in ‘the reactions by high speed j jons seems to have 
no contribution in the photo-disintegration process. 
The details of the paper will be soon published 
in ete Coll, Sci. Kyoto. Ua. 
*) Re Reference: 
ay E Guth and C. ‘4, ‘Mullin: 
(1949) 234, 682: y 
(2). C.H. Muller and A. G. Ww. ae aban 
Rev. 78 (1960) 8. ded 


e * It msy. be meibatal ‘to the 3 Mev. ‘excited state of Be§, 
hich was’ found to appear §n the photodisintegration of ct 
by the Xe rays. from. ‘a 24 Mev betatron®™, The decisive 


coaclusion can, however, not be. derived because of the lack / 


of. the number of ao abeas cages. 
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On Sensitive Color. oe 
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Department of Applied, Physics, Second Faculty 
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"When a white light passes “through a thins 


ate of erystal placed between Nicol prisms, 
here appear beautiful colors, whose’ chromati- 
ity is. dependent on the retardation (rd), rT being 


he difference of refrictive indices of the crystal — 


or the light polarized perpendicularly each other, 
nd a, ae Ab iphaiensis of. the: eryetal. The color 


@ Be’ 417.6 Mev 7—Be?+n (Be i in normal, ae 


@) Bots6, 13 Mev r>Bein Beti in normal state). 


sections for these. processes _ were found to be (1) 


Phys. Rev. 76 _ . 


{ 
Pe 


“4 


maticity 4C with the variation of retardation A(rd), 
was calculated. in the previous paper™, and the 


retardation which gives the sensitive color (we _ 


shall denote it (rd),.), was given as the retardation 


at which 4C/4(rd) is maximum. According to iss 
the result of the former paper®, (rd), is 262mz — 


or its odd multiples in case of the symmetry 


Nicols (case (b) of the former paper), and in casé 


of. crossed Nicols, its even multiples, and the 
chromaticity of the sensitive color is nearly | 
purpule in, all cases. 
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y the ne ‘ sensitivity, that is, the rate of change of chro». 
rt e (D-D). ee aD, Ceuctions: foe 


aye 


2 


Accordingly, the first order saneitive color ee 


in case of the crossed Nicols is 2x (Td) = 524 mye. 
Whereas the older: literatures concerning the 


sensitive color® give a little larger values, e. Soy 


575m, and the chromoticity is red, not purple. 


To make clear the cause of this difference, 


the author. has calculated for different light — 
sources a new. In the former paper, the blaek-_ 
body of temperature 7000°K was used as th 


light source, as it has the energy distribution 


nearly equal to the mean. day-light or I.C.I 


illuminant C, but now the black-body of various ee 


concerened, Hhey can be expressed by the ee 
tion ' 


(1a). = a-tb/T* See ‘ik ee 
where a, b and c are the constants (the final | 
values of them will be given in the later paper). 
The chromaticity of the sensitive color is also 
_given in Fig, 2. From ‘those- figures, we know 
that the color temperature corresponding to the — 
retardation: 575 my 
ehromaticity of the sensitive color is nearly red. 
So the values of the older authors. must be the 
results of the experiments by using the light 


and go: far as the range of: this calculation. e ; 


is about 1900°K. and the | 


source whose energy distribution is “nearly equal 
-/to the black-body of temperature 1900°K. If we 
suppose that the electric lamp was used, then, 
as the color temperature of carbon lamp lies 
thereabout, the older values must be the one 
determined by using the carbon lamp as the light 
source: 


A and C wre the 11lluminant 


Aand C of 1,C.1, 


030 040 050 - 060 


Nie! D: Chromaticity of ‘Sensitive Color’ . 
_ (Numbers in the figure are the tempera- 
_. ture of the light source in 10° K.) 


As is clear from those results, in giving the 
chromaticity and the value of. retardation of 
sensitive color, we| must distinctly designate the 


energy distribution of the light source. 


*d. “ 
5! 
(| 


4) 
fi 


sa) 


3 


ei than 60 percent of the whole solid angle 4z, 
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‘fa On the Spiral Orbit Spectrometer 


with Two Converging Circles. 


Hehe By Goro Miyamoto. 


Faculty of Science, University of Tokyo. 
(Received September 21, 1950) 
A device to use the S-O-§ principle for the 


, mass spectrometer was already adopted in 1948 


_by Sagane, Miyamoto, Machida, Gta and Takagi, 
_ and was later reported at the Annual Meeting of 
this Society in 1946. By using hydrogen, potas- 


was shown that the solid angle utilized was more. 
when 


dai Pea Short Notes. 


sium or bromine ions of energy 100~3000 eV, it- 


the resolving power was M/4M~50 (at the - 
width of the 'spéctral line). Stor: 

By further developing ‘the idea, a m 
convenient type of spectrometer has been co: 
structed, which has two converging circles, thu 
enabling two kinds of particles with differen 
momenta to be measured simultaneously. Th 
new spectrometer is provided with two pairs ’ 
magnetic pole pieces, so that the vector potentia 
A of the magnetic field has two maxima at th 


re) 5 10 


1S cm 

; ; ¥ 
Fig. 1. Distribution of magnetic field 4 
strength on median plane and its 4 
vector potential. »: Distance from A 
center. % 


radii #; and o:, which correspond to convergin 
circles. It is to be noted that the radii 9; and 


x : 
Fig. 2. 
V: Vacuum case, Oy hs 
Ci: Coil to exeite pole piece P,, Fite. 
Cr: Ooil to excite annular pole piece P,, 
Fil: Filament, i Aah oan a 
G: Grid, ar oe 


oe: Faraday Boxes or counters. 


remain practically constant when the magnetic 
field strength H is varied so as to have any 


3 Ga St ReV, 
Energy of Electrons 


Fig. 3. Electron Intensities measured 
by Fj and F,. . 
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desired values of Hp at the converging circles. 
The spectrometer is shown in Fig. 2 schematic- 
ally, and the test by accelerated thermal electrons 
is also shown in Fig. 3 as an example. 

More detailed reports on the practical appli- 
cation of the spectrometer as a beta-ray spectro- 
meter and mass spectrometer will be shortly 
published in this Journal. 


Reference. 


Miyamoto: Proc. Phys.-Math. Soc. Soc. Jap. 24 
(1942) 676 (L) Nihon Sugaku-Buturigakukai 
_Kaisi, 17 557 (1943) 

Iwata et all: Nihon Buturigakukai Kaisi, 2 
(1947) 1. 


¥ a Introduction. : 

In a previous paper), one of the authors 
roposed the application of double slit inter- 
erometer. ‘to the measurement of” phase change 
ndergone by the light transmitted through thin 
metallic or non-metallic films. In the present 
baper, combining such measurements of the phase 
Phange ‘with the intensity measurements by 
means of photo-eell, the > optical properties of 
ilver film for: mainly. 4= 590m“ were studied 
nore closely. _ 

~ Such iencnremiouss might ge results essent- 
ally the same as the polarimetric study of Drude 
ro Férsterling®. But the present method may 
e more simple and convenient for the general 
ervey over the optical properties of thin films. 
Some investigators prefer the method of 


method, but for the very thin films of Ag (thin- 
er than 100A) the determination of the refractive 
Ir dex only from the measurements of the intensi- 
y of reflected and transmitted light i in the normal 
neidence © is. essentially disadvantageous, even 
vhen the thickness is - known. For; in n, k 


iagrams given in the \previous paper®, the 


Imost parallel each other and the cross point 
yf: the curves of the ‘given transmission and 
-eflection which gives the refractive index of the 


neasured film is somewhat inaccurate. On the 


ontrary the phase. change curves cross perpendi- ~ 


ty to the transmission curves, , According- 


7 


ee! ee ‘ The bitpoconelity., of intensity constant- and phase - 


hit constant- curves in the (m,k) plane of quite a general 
ature and is always satisfied by the transmitted as well as 
yt the reflected light for any incident angle. The author 
wes. this remark to the matheamtical ah ede i of Dr. 
toshio Kato of the institute, _ 


- Determination of the Optical Constants of Ag Films ety wy 
tee oN From the Measurements of ie Pe 
Intensity and Phase Change [I]. 


- By. K6z6 IsHiguro and Goré KUWAHARA 


' will increase the accuracy of the result. ; iy 


§ 2. Experimental Technique.’ 


‘and the glass plate was always adjusted to be 


ntensity measurements®® than the polarimetric 


electron diffraction patterns showed the typical — 


urves of ‘reflection and transmission become 


| Optical Constants of Ag Films. {I}. alte, ie 


r 
J 
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ly the addition of the phase change measurements 


oo PPL P ev 
en ee eee 


The measuring instruments (the double slit — 
interferometer and the photo-cell photometer) Be 
were the same as in the previous experiment®. 


Ey 


The silver to be studied was made by burning ay 


ee ee tee 


silver nitrate (AgNO;) and the purity is consider- 
ed to be very high. The silver films were deposited _ 


a 
RAS 


by evaporation in vacuum on the polished glass — 


(BK7) plate. The distance between the Ag source : 


10 em... The vacuum was the order of 10-* mmHg. 
To avoid the evaporation of tungsten by over 
heating, the speed of evaporation was made rather — : 
slow, formation of siver film of 50 A ‘thickness 
taking about 2 minutes. aes, 

In some cases, the electron diffraction pat- ; 


terns were photographed. For the thinner sam- 


ples, the reflection method was very difficult, 
being affected by charging up of films due to. the Rae 
reduced conductivity. However, in all cases, the 


patterns of pure silver crystals at least larger 
than 30 A in size and with no special orienta- oy 
tions to the base plate. \ ne ie a a) 

The measurements are divided into two classes 
with the small differences in the experiment 3 
treatments. 

In the Ist series, after the glass was dipped” 
in the washing solution (H,SO,+K,Cr.0,) for 
several hours and washed by running water and 
distilled water, it was dried in vacuum (not wiped - 
by dried cloth). The silver was evaporated from 
a conic coil of tungsten wire as in Fig. la. The 
silver was deposited only on the lower half be- 


ies the ond series, after the sae was washed - 
ae in the Ist series, it was wiped with the cleanly © 


washed gauze and before the evaporation, clean- 
ing. by glow discharge with Al electrode was 
done ‘for about 10 minutes. But to avoid the 


ering, the strong current was not used. 
oy 


half between the sireaiew but also on the 
, half of the outer Ape of the streaks as 


“the phase measurements, even Soren 


no film deposited 4 may be. not zero, 


to defects of the deg plate. - ene correc: 


 e= 40. 0070. 002 sor g= +70° 
eS 40.01640.002 for y = —70° 


here, y (angle of Ry aavie wie means the — 


Xow 
Fig. 3. ; a 
Dispersion “of” the 
‘compensator — pate 
; Though the relative t 
, mission es was measure 
g= 0, the ‘reflection R, 
not ‘measured for @Q =0 
for about pi 10°. “There ( 
*the determination of ‘opt 
ee. constants of films, na 
thickness 1 and ‘the: i 
index n-tk was. 1a 
the. value of £ dy Aropy Atop va and the ; 


He the: reflection ‘R was used to. check t 


‘The, determination of the re thickne: 
from ae above method ean also pa ’ 


be sphericalexceptt the part whiel 
the ‘heating strip. — 
silver evaporates and deposits: 


small. pian upward the be eahig 


. sauteed 4 be we = 10. 5). ¢ 
d/h <2, it becomes _ cot . 


wigs (ain) wiser’, h 
‘When the ated droplet forms a 


panGeen ‘S ane? 
On the Senay: in “the 


' 


tn the Piscine: U= (d/h) W](4zr? ue with the 
olia density 0, will be called weight thickness. 


Results. 

The observations were mainly done for 4= 
90m (1) 2nd series. The phase shift 45, 4rop 419s 
iS permillage ans T;, Ro, Ay = 100— (T+ Fy) in 
ercentage are een against the weight thick- 
ess in 1 Fig. 2 6. 


re’ Sree 
= 


300°. = “Yeo 


sa ra fog oT aoe x 
atl Ader thickness {A} 
Big? BoA 
Per Beet 
‘ Bed fae beers 
ee Be a 
2  @ 90 ea 
fs 2 
pried z ae 
<< $0 
f Ro is 
~ Jo 
* gore? 
ft : : 
ae 100, <00 we ee 
ye eas Weight thickness. (A). 
Fig. 6. 


han 100 A, the phase. shifts have plus sign. 
amely the phase velocity of the light wave in 
he silver is faster than in the air. 

Such. is already recognized by Quincke and 
believed to be the evidence that the refractive 


ndex of silver is less than unity, but as it has. 


een seen in the previous ‘paper®, even when 2 
7 larger than unity, the phase shifts can have 
us sign in some cases. The plus sign of phase 
hift is not the sufficient evidence of the refrac- 
ive index being less than unity, - 

_. The determined n and kare shown in Fig. a; 
ng mote. apninet the weight thickness. In 


Optical Constants o Ds Films. [7]. a Ve 


the thicker region than 100 A, & seems to decrease 


ye and k= 


"value than unity and & decreases to the smaller 


of many yor ssage er 


it ‘is. interesting that for the thicker films 


a tes | yt ee ee Le ART a ee 


very slowly and 7 increase also very slowly with 
the decrease of the thickness. Ba 
n= &/l+% 

E/L+- 9! 

by the method of least squares, the constants _ “f 


Assuming 


become | 
= 15.3+6,2 (A), 7 =.0.11+0.04 
and -é = —15.9+7.6 (A), 7! = 3.840.05 : 
In general, the values of 7 and 7 show ee 
fairly good coincidence with the values of ~ sir 3 


and & of solid silver of following table 
/ 


Wevght thickness (A) 


Fig. 7. j 


‘Under 100 A, the change of m and & becomes a 
very rapid and » begins to increase to the larger 


values. Such tendencies coincide with ae results 


S00} 


See 


= 
Ss 


Ne 
8 


VW) Ssauys1y3z - yeo1qdo pure = pYEIAN 
y 2143 - 7 


¥ 


‘sg PE Ma bn AIG Ro, ($9 2ec 500 
aa 4 Weight of evaporated reise (19) 
Fig. 8. 


Tn Fig. 8, the measured optical thickness is 
plotted against the evaporated quantity of silver. 


“s j \ 


_ thickness in the case of an ideal semi-sphere. 


- The optical thickness, in the thicker region. 
than 100 A, shows fairy good coincidence with 
the weight thickness. Therefore it will be said 
va the silver films in such region have the same 


$ te have a constant thickness of about 50 A : 3 
even in the case that the weight thickness is e 
ner than 10 A (a few atomic layer thickness). 3 
esult coincides with the observation of 3 

ectron diffraction study. z 

sit is i by eile investigators®C, & 
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| a £ 70 i$ 20 9a ete 
mit imum near 1 = 50 . and at the a same time Weight of evaporated sidver (mg) 


a rie Fig. th: b.: age 


ti ven in 1 this region, ke Se oF-extine- inte Ist series is oes. 


a of m and k at the same time will play 2 In Fig. 11, the full line is the e weight 


portant role, “ff Bd] _ in case of an ideal sphere. ; The opt 
| For the physical meaning of the change of —_‘Hesses are fairy ‘larger than the weig hi 
and bi in the thinner region with the discrepan- nesses. Te seems as if df were larger th 
ween. the optical and weight thickness, it unity - The droplet in ‘the tungsten coil 
require the closer considerations on the have tendency to emit much more. 
egated structure theory®, ¥ in the upward direction than i in other 


_ The dotted line shows the : mean. cort 
thickness for d/h = 1. 6. The fairly 
tions mean that the heating coil i iy 1 
for the accurate measurements. 

Below 100 A there also. appear ; 
between the weight and optical thie 
latter seems to. converge to a finit 
of about 7% A, 

Me ee et (8) the other observations.” Faget a 

bP t thickness (4) The: example of the dispersion ats : sh w 

Rig. 9. in Fig. 12, Ap seems to ae n the ¢ 


rath 


ey deny 


crease of the wave length of the incident light 


oe the thinner films. 
I To reassure the minimum transmission below 
100 A, the five Specimens of the different thick- 


nesses were made at the same time using a 


stepped ‘suspender as in Fig. 4 for reception — 


of evaporated silver. In Fig. 18, 14, No. 1, the 
thickest film (about 90 A weight thickness) is 
almost transparent, No. 3, the middle thickness 
is the deep blue (about 70 A) and has the minimum 
transmission. No. 5, the thinnest (<30 A) is red- 
dish. From. the comparison of the transmission, 

it “might he mis-understood that the film thick- 
ness is. decreasing in the order of No. 8, 4, 2, 5, 

1, while the real order is No. 1, 2, 3, 4. 5. 
ansmission| minimum seems to shift to the 


. the thicker films than pos 80 : but increase ~ 


The | : 


[7]. ei: 
shorter ‘wave length with the decrease of the 


film thickness. Such tendency coincides with the S 


observations of Soezima, 


/00 - wi 
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The Rokerved. phase shifts 4, are shown in’ 
Fig. 14 which decrease with the order of the | 


real thickness. 
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~The Example of the Procedure. | The corrected value for the hacky. rele ae 
the glass plates Fe ne ‘ SEN ie igt 

$3)t We gort lds . . ree ee A gowns z 

Be ated quantity Wl 13.8 mg salieri gates ps = 0.396. ay 
ight thickness: _ 1= 2104 ; si gs Grete. wet CNY. 

ae y Ay ; se ete rt eons . ah . The detailed data for the intensity m W 
ed value of the relative transmission — be Shas egw 

Ta ui , The data of the phase measurements are as follo 
Ry = 0.69 = 164" 2 = 590 mx (with about 5 my 


_ are omitted. goth afi Wee 


nw 


compensator reading in minutes -—«|—«s Mean” 
Pale’ : Pitt aie value 
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=(0. 14140. 199)/2 = = 40. 140 
a ne = (0.159-+ 0.160)/2 = +0.160 
ds = (0.047-4.0.049)/2 = +0.048 


for. these values we: search the nearest 


Bice in the tables of the previous paper®, and 


fart Paes the values of 
“ofe = 0.25, n= 0.18, ke ='3.64 


nd the following equations were made accor rding 
0 0) as the previous paper®, 

pai: 147-4.34(6h) —60(dn)-+39(8Ke) = 140 

i Ae EE ee Opa 


 24—21(8h)— 9(dn)—-19(8k) = 2 
71+ 21(ah) — 16(9n) + 2U(0%) = 70 


ah i —0.087 


or” (af /c) = —0.0087 
LOWE ORD BB: Ai) “2 
_ 9k = +0.016 


Thus: ‘for the ens Lankans 


. ate = = Matis 25—0. 009 = = 0.24140. 006 
ths R264 5A 
n = 0.18-+0.08 = 0. 260.02 
i -pebots008= 3.054005 | 


ZF 


ees se 
“observation a “40 | 160] 4 48 | 24.4 | 70.3 
ation | 24.7 | 67.8 


: calculation 4 ah vol 160 


1 The example of ‘thin film. 


Wea 06 me os pe gk etfs: = 0.020 . 
ee = (67. 3% (corrected = 67.02) 
; Ry= = 12. 4% (corrected = = 10.7%) 


The measured values. of phase shift ics 

ae =. 05) 4% -(—0.014—0.014)/2 = —0. od 
es = 170° Ay= (—0.017—0.022)/2 = —0.020 
he (0. o14—0 OT) 2 = = 0.016 


Ae , 24-14(dh)—40(6n)+87(8h) = 48). 


Le apres : 


ee check of the above results becomes from (1) 


n = 2.64,-& = 1.59 it will be found out to be 


and with ol/c = 0.05, n = 2.64, k = 2.00, they te 


-length, they may be treated as forming a uniform — 


- Then, we start with the values of 


wlie = 0.05, = 3.08, = 2.00 


» 


in the tablesy® and get the following values 


dh = —0.045 or 0(wl/c) = —0.0045 
én = +0.12 
ok = —0.061 


Accordingly the constants are determined to be 


al/e = 0.050—0:0045 = 0.0455+0.006 

or a fee 43-+5A. ; 
n= 305-4012 = 3.17+0.18 ar 
ke = 2.00—0.06 = 1.940.183 “CN a 


The check of the results is as follows 


fale pals pe 


overvation Ps 24 | —20 | 16 | 67.0 | 10. 1 


Galeutation 


| <u 20 20 | 16 | 66.7 ut 12.8 


If we start with the alube of wl/c¢ = 0.05, ee 


dk = 0.28 
k= 187 


6(ol/c) = 0-001, 
or 1= 484, 


on = 0.48, 
ceed W245 


come to be 
Og, = 0.52.4 On = 70.14: 


8(ol/c) = 0.000, 
=3.16, k=1. 86 


BON | sos l= ATA, 


§6.- The Validity of the Uniformity Py 
~ Film. 


“The above treatment of the film slssumnien € 


the film forms a uniform plane parallel laye 
But in ie region below about 100A, the opt 


of small particles. I 


But as far as the dimension of the socal e 
are much smaller than the wave-length (277/A<0. 1, . we 


r = radius of the particle) and they are distribute d “a 
in relative distances smaller than the wave- : 


layer. And the observed specimens are believed | 


to satisfy these conditions. 


yee Because, the uniform scattering ies. in the a het References. 


sity will be represented as the Geice of (1) K. ehiou a J. Phys, goesines 5 (1950) 
: (2) K..Ishiguro: J. Phys. Soc. Jap. 6 (195: 
: the solution of the fundamental Maxwell’s (3) For example, G. Essers-Rheindorf : An 
The difference from the case of the Phys. 28 (1937) 297. ae eo i 
_ (4) H. Murmann: Z. Phys. 80 (1933) 161. 
(5) F. Goos: Z. Phys. 100 (1936) 95. 
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: Mital layer lies in the fact that & must be 


Delayed Fracture in Creep of Copper. 
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By Takeo ‘Yoxonont. 


Institute at Gots and Technology, University of Tokyo. 


_ Received April 8, 1950) * 
Abstract. 
__ experimentally. The observed fluctuations 


_ fracture after the application of load were analysed statistically, and 1 
a that these ReeeD fractures may be Bnderstood asa kind of rate process. — . 


; Delayed Fracture i in n Creep of de. four’ cases about 100 ‘eflsteions ot 
Were tested, while the steady s 
tipo range of TOO mags? 


e of 0.2mm diameter, After the application 
a constant load, the time ¢ elapsed till the 
urrence of fracture was measured by.a stop- 
watch, pre series of tests were carried in which 


P= BO0BSgr 


Fig. 3. ‘ 


id is $08.6gr. In this case, the strain was 


accurately by cathetometer, and 


sasured 
ch specimen followed quite the same strain- 
ne curve as shown in Fig, 2. _ This fact may 
“taken as an indirect prove ‘that. the _homo- 
neity of: each specimen was quite satisfactory. 


‘is interesting to notice that the critical time 


at which the distribution curve in Fig. 1 begins _ 


attain some finite value is very near the time 
whieh the transient ereep ae rate begins 


Fron i in all four cases. are 
i is shown in n Fig. rf where the - applied 


aN CR 


79 


¢ 


to Sia ae shown in Fig. 2: 


tm corresponding to the maximum frequency in © 


four cases are shown in Fig. 3. It may be worth 


of notice that these curves are the same in 


characters as the N-S curves of fatigue. ae 


§ 2. Probability of Fracture. 


The origin of the considerable fluctuations of 


- t in the present experiment could not be sought 


for in the inhomogeneity of specimens as is. 


already shown in Fit. 2. 


‘The author intended, therefore, to treat the i 
problem statistically according to the pueloey di 


with other related phenomena, as is already cited 
in the preceding report ), © 
Now define the following quantity ; 


»(t), The probability of occurrence of Bias. es | 
= 


in unit time_ after the lapse of time ¢.; 
q()at, the probability of occurrence of frac: 
ture between ¢ and t+ dt; 


pl) = J"ateae, the probability of occurrence _ 


-of fracture after t. 
Then, 


The abscissa of the frequency: distribunan 


eurve in Fig. 1 corresponds to ‘Zq, where Zi is ei 


the total number of specimens. Then Zp(t) can 
be calculated from these data, and the logarithms | 


of them versus ¢ are plotted as in Fig. 4. By ae 
a differenciating this curves by t, it can be noticed. 
_ that at the time t,, # begins to have a small | 


finite value and then increases rapidly, approach 


ing to.a constant value “4. 


_logZp 
2.0 


The relations 
between the applied load P and t, as well as 


H(d) = —Ad(log p)/at ow) : 


Coa 4) 


| Consideration as a | 


ed ee. of P-t curve. such as in Fig. 3 has not 


ye bess given. tte this pee a may be 


eect Y 


: % - Et ED y 


Sane | 


2) 


oy. fhe: activation energy in the absence, 
van externally applied stress ; Sp , the applied 
stress; Sf 2, the CASEY by oe stress ; 


‘erack when the activation energy i is: 


; ABs Boltzmann constant; T, howvgeiint 


& 


ae 


eae present case, ‘the applied tensile. trend 


equation @) rae be written as yo 


w= Cexp [ASNT], x 4 


) isa 4 constant. 


- deformation may be negligible, Ss, at 
d from the time te is Bepreccnibed) by — 


oy 
wer applied load divided by original, cross. 
al area; 8 , strain at tale” a, a constant. : 


t 


dee S,= = S+ectet), 


“4 ie 
i ay. bes written approximately as follows, 


(5) 


As the change ‘of volume | 


. 


Ailes Process ; ie 


kor) 


Vv alue f from Reto. dis 


(2) and (5) it is dorivel that “lia! joe 

takes the constant value 4, after aes and 

in quite well accord with the experiments 

tioned above. — Deak ae Maen 
Now, the values” of. Le were determined 


various values of stress S in the four- series f 


“experiments, eae plotted against Ss in \ Fig 


ee Ax ms} 


“where A and m. are some constant ae y| 
independent of stress. 


On the ot 
ordinary creep test, the term e 


s small ‘compared with unity, an 
without serious error. In all. these 


cob at <0. 20, and: if; it is neg 


“cames\ to equal to Pw! 
4 = Cexp[f(S)/KT}. If this eq 
with “ the beast relation 


1 


fractures. of other metals. 


e endence or on size effect are hoped to develop 
ag this line of consideration. 

Tn conclusion, the author Wishes to thank 
fessor M. Hirata, physics department of this 
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pouragement. 
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discussions. 
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" Introduction. ot dy 


‘Tt is often experienced that the number of. 
les. Ny which material can withstand before 


eture, scatters widely, however equally the 


er conditions aré kept in fatigue test. This 
ans ‘that the S— -N curve (S is the range of 
ess) becomes a band. If each specimen is 
nogencous and has. the same surface finish, the 


erved points has been supposed to fall quite 


sely ona fairly smooth curveland there would be _ 


le scatter. The author investigated the fatigue 
etuire of steel and found that there exists 
ne law about the fluctuation of gpatienre 


Fatigue Fracture of Steel. : 


_ By Takeo YoKOBoRI. 
The Institute of Science and Technology, University of Tokyo. 


- (Received April 8, 1950). 


- Abstract. 


Fatigue peers of steel has been investigated, and ie consideration 
: developed here will in general hold for other metals. 
may be applied to many other cases such as static fracture of brittle : 2 is 
a soe metals and pela of polycrystalline metals. | 


the process of fatigue phenomena and that fatigue 


§ 2. Delayed Fracture in Patieie of 


i 


This line of thought toe is x 


fracture and this Auction has some relation with 


fracture may be ‘eapleiten as a kind of rate oh 


process. er arabes (bai 


Steel. 


The author investigated this fluetuation on ae 
two kinds of steel. ‘ ‘ om 
Test A. The specimens prepared were steel et 

of 0.419 carbon, annealed for 30 minutes at 870°C, 


and were finished by coarse emery. They had 


the yielding strength of 44.5kg/mm’, and were 
: N 


waite 


ester 


ng 
Pores 
< kf ps ride ae 
4: We it Fa be kg/m 


tes 


ree" 
te A <% 


S=38.6 kg/mm 
3 specimens>icxio® _ 
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eat eae 


’ 
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| 
| 


ee 


ae 


* ie a 


Nn 
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Pie ee es 
Fig. Sb 
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‘Test B. The material prepared was a steel 


0. 122 énebon? annealed in the same way as in 


st A., and was highly polished by- lapping finish. 


1ese ‘speeimens have the yielding strength of 


5 kg/mm! and were tested under the same con- 
tions as in test A. In this test, however, the 


ress range applied was 30. 6 kg/mm’. The results 


e shown in Fig. 4. As the specimen was cut 
om .2 single rod, the number of specimens: was 
fortunately only 24 pieces, yet the character- 
‘ics of distribution curve are supposed to be the 
me: as in test A, except that there is difierence 
‘the width of the band of scattering. From! its 
lation to the. fatigue-layer thickness discussed 
ter, it is ‘supposed that the position n,, of the 
aximum distribution in Fig. 4 might shift to- 


ard the ete if more Pe were tested. 


3. ‘Probability af Grack Bee ise 


\ In this section the probability of crack oceur- 
nce In test A and B will be discussed.» 
snoting, He, the. probability of crack occur- 

ak rence in unit - ‘cycle at repeated 

a ‘eee eycle m, where n is measured from 

4 me at which the number of fractur- 


ed specimens begins to have some 


finite value, — 


then, . 


Fig. 3b and Fig. 5. 


"process. 


4 | ba > Bd ¥ ei 4 Cy’, Olid tat i ee get en oe ae on 


q(njdn, the probability of crack occurrence 
between mand n-+ dn after n cycles, 


: and 
p(n)= \a(n)dn, the probability that the delay of f 
fracture cycle will have a larger Be 


value than », 


w(n) = —Ad(og p)/dn.- (ly 


Abscissa of the distribution curve in Fig. la, oe 
Fig. 2a, Fig. 38a and Fig. 4 represents Zg, where : 


0 


0 645 


vn} 


26.05xI0° 
N 
Fig. 4. 


Z is. the total number. of tested specimens, : 
Zp(n) values are calculated from - this and er 
logarithms are plotted for n as in Fig: 1b, Fig. 2b, 
It can be noticed that ston 


some repeated cycle. Ne, # begins ‘to have a 


finite value and then increases and approaches — War >. 


a constant value #;.. In test A, ne seems to ns 


have a constant value already at »=0, but 
this is 
chosen. Actually u becomes zero below he ; 
N.. |The meaning of this probability will be 


because a larger - value of dn. 


discussed in the following section. 


§ 4. ‘Relation Between Repeated Cycles 
Aad Fatigue Layer. 


Tt has been proved by many experiments that : oe 
structure of materials changes during fatigue 
In the present experiment, amount of ‘’ 
fatigue is detected by etching” and’ the thickness” ; aa 
of fatigue layer (the part of cross-sectional area “a4 
measured by ethehing) is determined as the re- 
peated cycle N is. increased. The results are : 
shown in Fig. lc, Fig. 2c, Fig: 8c, Fig. 5. Detec- — 
tion of fatigue layer has also been possible by 


, Sakina test of ieroas-sectional are of the speci- 
mens as well as by etching (Fig. 1c and Fig. 6). 


Here, two remarkable facts have been observed. 


The one is that the range of » at which the 


ey probability of fracture approaches a definite value - 


By is approximately equal to the range of x at 


lo 5 Ai aa 
Fig. Bi 


N TEE 33. Ba) 
Lh 
ge a 

ape 


0 
05 


hate : 
2.0010 
AB in 
2. 03” 
ates = fatigue layer: Thi 


ness : 
V= Vickers let 
_L=radius ot § 


Value 


- Before. this relation eed 7a ry) 


where 7 is a | radius ef ine. red, A y is_ y 


thickness as a function of repeated eycle N : 
be founded theoretically. Week sa as 


shear stress at the edge of the silp-band i in 
plastic inhomogeneity reaches a critical str 
In case stress distribution is non-uniform 
bending: or in torsion, stress at the surf 
the rod will at first reach ty after. ‘some. 
n*, Assuming that eS distribution is] 


radially across: ‘the cross-sectional area, the ( 


Hou between stress range S and et and be 


ae 


Value for largest delay in this experiment 


Only one Specimen tested © 
Specimen did not fracture 


eae 


Fi o 


ttt Pena. 
srpe ea’ 
pessenreanintc # oe “ 


PA, and 


ined as Loe part, where stress has reached 
Me. n* = 1). -Then equation (2) stands for the 
Mlation between S and x, at which fatigue layer 


10 
er 3. 
he: ; ee 8. 

Pears: end eq. (8) for the. relation between 
tigue-layer thickness for stress range S and 'n 
jeasured from 7,. As shown in Fig. 7 and Fig. 8 
«perimental. ‘results are, at least qualitatively, 


ell in agi with this consideration. 


5. Fatigue Fracture as Rate Process. 


"Mechanism of macroscopic Peacoat a here 
> treated as a rate process. By this consider- 
ion, the probability of macroscipic fracture is 
pressed, as the chance of rearrangement”. Then 
1e probability of ota per unit: time is 
ie hates Z, 
oe exp l— —Q“RSNNRT. (4) 
a Oi is an activation energy in the absence 

an externally applied stress, S, is the applied 
ensile stress, AS,) is an energy by applied stress, 
is the time riquired to form. crack when activa- 
jon energy is available, K is Boltzmann constant, 

Pp is absolute temperature, and Z, is the 
D iher of volume associated with rate reaction 


€ 


e1 unit volume. rf 


i Macrescopie fatigue-layer may be 


% Fatigue Practure o Steel. 


Be are , constants: introduced ; 


32 2h 34 2 26-37 36 ae Kym 


‘In case “stress distribution is non-uniform . 


feng : the eross section, (4) is generally expressed 
Ms a car 

p= = Cfexp LASKTMF. , 6) 
rhere C is’ -eonst., and F is an area of the part 
peers week spots exist in the cross section which 


vill undergo fracture by tensile stress. In fatigue . 


nomena, fatigue layer may be taken as F' (con- 
Soution of a part > without fatigue to macro- 
i acture is assumed to be little) and # is the 


- 


finite value and: thereafter increases with n and | 


~ the increased stress concentration caused by the 


specimen takes place. 
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CS esanility of fracture per unit cycle. If shearing 


stress within plastically inhomogeneous region is — 


: ‘supposed to increase by further strain hardening 


after ty is reached, tensile stress’ S, at the part 

of stress concentration in the slip band is given ~ 
by using Orowan’s idea under the same condition i 
as in equation (8) § i 


So = [kS—(kS—z,) exp (—An)]k,(r—h)/r. (6) 


where k, is a constant. 
In case of rotary bending fatigue, equation 


7 


(5) will have the following form : PA 


1 OP eS 
n= Cort), exp AS)/KTIV udy. 


where Cy. is constant. BRAY 
From (3), (6), eid (), it can be noticed that. 
| when repeated cycle increased and exceeds re 


the probability of fracture begins to assume a 


approaches a constant value , LE. eee 

The above experiments are well: euainess oe 
these considerations. _ Fracture which has been 
discussed above means macroscopic fracture 
developed in the fatigue layer. Once this macro- 


"fracture starts, macro-crack rapidly extends, by 


erack itself, toward the axis of the rod, when ~ 
_ the rest of the cross sectional area cannot withstand 
the applied load: Finally the rupture of the whole 
In the. distribution curve, 
Me at which the number of Mectured specimens" 
begins to have finite value seems to be larger 
than m, at which the fatigue layer begins to ap- 
‘pear. These two values would approach closer if 
‘more’ spemens were tested. The difference of pe 
and No may be due to the finite time of crack 
propagation from macroscopic fracture withir : 
the fatigue layer to the rupture ‘of the whole | 
specimen, as is discussed above, and the fact that = 
fracture will take place ‘at some finite value of — i 
Moiese Ae me, 

It will be noted from (7) that there will: be Ba? 
a stress range for which ih 


(8) 


That is to say, no fracture will take place within 


BS My SGii2 


this stress range regardless of the number of 


The anthor also wishes “ti express" his | 
thanks to professor F. Nakanishi for his d 
sions and to Professor N. Soda ‘and ‘Ss. Hu 
‘than tension-compression test. And ne ' M. Kawamura for kindness for this research i 
this Institute. Sa ae 
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"The Foundation of the ‘Quantisation. of f Turbulence 


hee By Kenichi KUSUKAWA, fg fh 


| Received eee 16, 1960) 


t a ‘ . t i } Ag +s , ¥ ; 
. Introduction. ao §2 2. 2 eet 
; bi oe ° Y ‘| eB 
Fé ce 


Ep ciecoseed the turbulence by the arene 


i 6 


' 


ae: (2, 5) and (2,7) the distribution of energy 
with respect to ‘‘N’’ is obtained in the follow- i: ; 


aj eis » Ang form. 
; Sy = Sew, ; Stoel 
(ees sry eg ck (2,1) Py(N) = AS ARENT Texp(N Y2h*/eT} — Be ic 
where A ove peau S= =y “OS Bt et AO bie fs (2, 8) « va 
°) NG eal ecg , where A is a unversal constant. 
0S Rey Pp ¥ f 
at apis ny 
ie Bs Ee § 3. The Physical Meaning of the Con 
Then we can search the Lagrangian 7 tp stants (6 fe 222. a 
= (2) Mae grad @, @) . ye , The velocity 2 the fluid Nene the average. 


ae + (ov" Paw, aw) -+const, (2,2) velocity of the molecular motion, there exists 
where Ae is ‘a 1 real constant veckae:: us the following uncertainty between the component 
_ Introducing the canonical variables Q=w), of the velocity and a position Ree a 
and P from (2, ae we quantise the turbulence. by - eS eS Ven D? ae a oe @) 
the : following commutation relations. ; | 
where V* is the average velocity of. the moleeul 


Res 
y 


ag (0) Qxfr")) = at — the ee ete Rides ‘motion, D is the diameter of the molecule, n is - 
, (r); Pxlr')| = 0, J 2.3) } the number of the molecules in unit volume, and 
£ [Qde), Oil] = =), a Be dere. eerie C is a universal constant, which is. considered 
Developing these arises in Fourier series, and ___ to be of the order of 1. ; fait 
“consideriig the. term of the viscosity as that of The uncertainty-relation derived from @ 3) i 
the merenrnatioh: we estimate the transition | i. bas Aes kid. eee ais 2) 
“probability. . Sore ane eee eae 


emely,, the Hamiltoian is Kies eeoraine to. ine gas theory 4 the cocoa of 


Aaa pre Pepper vena! to eV! /nnD*y we have 


oe - eke rig eS 4 
. eT eae . 68) 


ep ey aa ae SN 3h eM _ where 7 is the coefficient of viscosity, and r is 
Beh gear Diy aes $ na 
Pree : : oi universal. constant. If the upper limit of au i 


eee, 9 } ‘ ie hss ee determined by Aus (which: is defined by th 
: (2,4). sensitivity of the measurement), the lower lim 


AG 2/74 4 2 
= ~(Be i Ja @, oe wt oe of Ax (or the ‘smallest. volume" element of th 


i : 
where t is ike ee eacial shit NIL is the ‘fluid AV =(Axm)’) must be determined from AC 


“wave ‘number veeter, and a is |A*| cos (A*, N). in the eon ine forms. we ee 


} i ses hieasy 
When « o is positive, there can be stationary states, Atm = k/4o. iris AV= a Atm) BiB 


and characteristic values are : Sia id ave Wiehe 
mi In this measurement, AV being. the smallest _ 


iis (ayaa ENE = (mI. Ms ~ drop of the fluid, its. translational velocity | can 
; poet @ 5) be measured only with the experimental error : 


‘The transition probability is. kG , Se a a its EPS ean have no physical meaning. | 
| Pom-s(m—2)) = -eonstxm(m=t), eee @ 2,6) - §4. The Spin of the Smallest Volume | 
| Pln-(n2)h = const x (m-+1)(m-+2). Pee Element. BAe 


vie Assuming the thermal ioe Rote - We shall consider the kinetic energy of some 
the turbulence and the thermal motion, we have part of the fluid’ which is rotating with an 


xo Benin —1) = expk—Hal m+ m4). angular velocity “o” like a rigid body. The 
2D: kinetic energy is generally 
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E= [[leraavs (4,1) 


The same energy can be considered as the 
sum of the energy. of every smallest volume 
element; that is 


B= =aea V/2)v2-+ S1Jo%/2, (4,2) 


where AV is the volume of the smallest element, 
J is its moment of inertia, and x is its transla- 
tional velocity. 

As it is known from the discussion of $3 that 
the second term of (4,2) cannot be measured by 
the hydrodynamical method, the hydrodynamical 
energy is defined by the following formula. ° 


En= Soa V/2)0' = [| \oynav—Sye%/2. (4,3) 


_ Thus the hydrodynamical energy can be obtained 
by subtracting the spin energy of the smallest 
my drop from. the usual kinetic energy of the fluid, 
si which is considered to be able to be divided into 
_ the infinitesimal volume. . 


Br: ~ According to my former paper the first term. 
the? ae of H, is 


- Sifiermar— ffm as 


er the usual energy in the irrotational case. 
igs Then the second term of H, means the term 
which must be subtracted as the spin energy of 
a the.smallest drop. 


If this second term of H,; P28 ¥ CISeN? 


We - UNu=A%n) is neglected, (2,5) atk 8. Lanai 
a | the distribuion of energy with respect to ‘‘N’’ is 


F'x(N) = AdMiN- (4,5) 


When “|. N\’? increases, F'g(N) of (4,5) becomés 
_ very large, and this formula is in conflict with 
the experiment. 


~§5. On the Last Term of H,. 


The last term of H, is equal to {{fuaria . 


On ’ grad||Q||dV, which represents some spacial peri- 
odicity. Experimentally the periodicity exists in 


an on +(3+S) exp{— N?2h*/eT})+[14(14— 2S) exp {— =v Font /eT} +(1+10S+ S*)exp{— NE Santer 
pate 21— exp{—NT2H*/eT}]) 


where E,-E, = a OheN®, and D is the probability | 


the direction normal to the plane of. the prid.s it 
therefore A* can be assumed to be normal to the 
Then ~ 


this term represents the rotational energy of © 


plane of the grid, or parallel to 2x-axis.. 


fluid which is not included in the first term of Hy. i 
It is physically reasonable that there is no~ 
stationary state where ¢ is negative, or this rota-_ 
tional energy is negative. 
|A*| represents the strength of the rotation, © 
and may be-defined by the geometrical character 
of the grid and the viscosity. 


§ 6. On the Viscous Term : A. 


The viscous term H! is considered as the term — 
of the perturbation. Therefore we consider the — | 
turbulence to be destroyed or born only by the | 
effect of the viscosity, although Heisenberg [2, 3] 
and Weizdcker [5] have considered the larger” 7) 
turbulence to be destroyed by the smaller turbul- “ 
ence as well-as by the viscosity. 3 
§ 7. The Dissipation of,the Energy. | 
In the theory by which the formula (2,7) was % 


- derived, it was neglected that the energy of the i 


turbulence is dissipated by the thermal motion. 4 
We shall consider the effect of this dissipation. ‘ 
The rate of dissipation of energy= —(d Buurmitent/at) i 


1 ae | 
= (dEmermai/dt) o2h*N 2D ~ (71) 7 | 


: 


wre 


Bi en Ses a 


and D= exp{— E>|eT}m(m—1)—exp{— Ea|eT} 
(mm-+1)(m-+2) (1,2) 


of the dissipation. 


Now in the physical view point, -D must be. 
proportional to the probability of existence of the | 
turbulence-quanta ; (m-1). f 

D must be proportional also to exp{—Ha/«T}, © 
if the thermal. motion consists of the canonical 
ensemble also after the dissipation; that is _ 


D= S(N\(m—lexp{—EalkT}, a t 
where S (N) isa function only of N. es 


ing to Batchelor [1] S is proportional fo N?*) 
From (7, ahs and nei we. have 


’ 


m= ot exp (wlon*|er)— = ; . 


and when Ni is very gens 


Boe a “1 = stexptlentier)— aay . 


Therefore from 2, 5), the distribution function 
of energy with respect to ay: ” is practically 
represented in the all range of ‘‘N” in the 
following form. : 


it 


Fa (N)* - Aa* N? [exp {N# 2h* eT }— Lk TB) 


where _ OSNEN mM N m= Atm. 


This ‘is the, same formula with (2,8) whieh is 

introduced ey, more eee teary: 

s 8. The Spectrum of aiuebiiloaee: 
We shall. calculate the spectrum of energy 

with respect to the. ‘e-component of N: nz. 

When the turbulence is perfectly rs aaa a 


Fults) = z oat FAN) 


2 x= const 


= Alen ompin helen) 14- ." Mo-NAN (8. ) 


As ae is very ire 8, 1)i is: mareticely expressed 
- the following formula ; “i 


 foln:) = Alen I exp {nd2h* ler) — 1}, (6.2). 


where A can ne. determined by the condition 
oi (tn. = Land ht= = Bien A*|/o)} 


When the turbulence is S siletety polarised, or 


N is parallel to A*, Fars) As us the same form ; 


as (8, 2). . 
HE was explained in eae former paper that 


the theoretical formula (8, 2) agrees with Terhy, s 


experiment very well. 


ay 


ys While, the speetram of energy. en respect : 


to Nis a 
fil) = 3 


+ wt 


oF ‘(N) 


“i Neconst |. te ; ea ad 


; 2 ee “AIh*N}eosto- 
0 


exp{lcoslvahtier) of 


Juantisation: of i Turbulence. . 


not ‘prove that no other Hamiltonian can satisfy 


OP GK: Batchelor: 


(4) -K. Kusukawa: 


N?’sin odo, (8,3) . (5) C. F. von Weizsacker : 
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‘4 


ue Where A! is a universal constant, and We ok 


| @\A*|/00)3. ease al 
It is reasonable from the physical viewpoint 
ace both tim n fa(N) and him Fx(N) vanish. 


$9. Measurement. 


' When the permissible error of « anduis  — 


rather large, and we can have the following rela~ __ 


tion, pAxAu>k we have not necessity for the — 


quantisation. Therefore the discussion of the 
laminar flow can be expressed by the usual 


hydrodynamical method. eae ‘4 


i 


“In the discussion of the turbulent flow, how- 
ever, the velocity of the fluid is small, and at 
must be very small, 


Then PAUAL being com- 
parable to “bh”, we must consider the quantis 
tion. In this ease, Am being rather large, the 
Penaant of inertia of the smallest drop and its 
spin energy ‘eannét be neglected. For instanee, 
in the cease of air AkmAUy = k/40 = 17/40 = 7 x173 
x 10- 6/4 x 1293 x 10-*==1/10 at 0°C, 760 mmHg, be- 
“cause 7 is of the same order as 4. Now we ca 


the fundamental equation and then the flow. pa 
tern considered in my former paper. can be only 


_ permissible one. But, as its spectrum agrees 


_ With experiments, this flow pattern is considered 
not to be so different from the actual flow. 

I thank heartily Dr. I. Imai and Mr. R. Hama 
for their useful suggestions. 
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. one the vig properties of ‘eels a 
metals—the electrical resistance and met 


pay! Ge ond Quinney® first. measured ‘hal a hardness—gradually return to those of | 


heat of cold worked metals and deter- metals. These results, = think, neers Wy 
es . ; Of: Suzuki@ at least ‘qualitatively. Pe: 


Shit vy ~ x ve a, ne ae ‘ : ae i i a 
observed that the specific heat anomaly — : 


= eae 


worked copper due See is com- — oe ‘Qualtatice Discussion. 


POI abtieation cate tae 
zit ‘shall discuss them qualitatively. : 
NS . # According to BW SCE the cold w Si 


that is, Aa x 
a) ‘the lattice 
se cold worked specimens ‘was “measured r 
ee # were heated at ‘constant heating 
locity (1° °C per minute in every case). The > 


ae 
' experimental procedures have already. recovery from the sas 
, pa Pe 


hed®, and concerning the experimental — 2 - Recently, the change : 
i thus obtained, _ Some theoretical consi- 


ag Reekie and Hutchison Ly T 
othe. ‘conélusion by Wood. 


‘ 


PAspanlots Specific Heat due to’ 


oe 


mente ‘correspond to the rec 


fic heat— —temperature. curves ‘ok tharoaetay 
as specimens. Therefore, the difference 


“friction of éol 
results in this 
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0-040 = ahs 
pare Oe: 50 100 150 200 250 300 . 
| Tieiedioe’ in Degrees Cte uh : 
+ a Figei. Eapaciae heat — —temperature for cold worked copper. 
; es us ta (a) 65.0% compressed. (b) 58.526 compressed. 
: : 
7 ; ‘ ; : ' : 3 ; ~ 2 i 
‘ es eenipt ie tate z O—O—~5_ oS : 
ort se eh ; a0 
“ NX ait eT Oe 
gO oc py at: ¥ “ ue * : 
Sy 0060 : — 
Sehctee ’ soos pan a ek ia first heating i 
Coat: 0055 PORE <a 
ene tie Oi BON WONT 450 200 250 300 i 
Fig Zs Specific heat—temperature for cold worked silver 
(a) 54.796 compressed. (b) 40.526 compressed. 


i e 50 1007045 150'2" 200)... 250 300 30. 
= Fewveltiia in Degrees C 
A aie “Fig. 3. Specific hheat—temperature for cold worked aluminum. 

SDR Se arse (a) 70.0% compressed.  (b) 60.026 compressed. - 


point. described above, this fact shows that in 
aluminum deformed at room temperature the 
lattice distortion is much less than the case of 
copper and silver, This also coincides with the 
- results by Wood and others). 
Before entering into quantitative discussion, 
I wish to note the bearing of. the above consi- 
deration on the dislocation theory developed by 
Taylor™, Seitz® and Koehler®. 
‘The strain energy due to lattice distortion 
(the strain energy released in the ‘‘first’’ stage 
of recovery process) ought to be thought to 
“agree with the strain energy introduced by the 
dislocation centers (including their interaction 
energy). This energy is to be compared -with 
the energy of the ‘‘ dislocation lattice”’ calculated 
by Koehler™, 
of recovery may be considered as the recom- 


In other words, the first process 


" ' bination and the diffusing-out of dislocations. 

angie Then, what is the energy released in the 
This 
; energy, accompanied’ by grain fragmentation, 


**second stage”? in the experiments? 


may be the strain energy connected with the 
“asterism”? observed in the Laue x-ray pattern 

in deformed single crystals of metals. This type 
pisx..Of strain was first suggested by Burgers“ in the 
aes - manner shown in Fig- 4, but has not yet been 


. investigated quantitatively. Further experimental 
hee and theoretical investigations are necessary to 
understand this point. 


Fig. 4. Origin of asterism on basis of 
Burgers’ picture. 


In the next section I shall present: the 
formula to give the reaction rate of recovery 
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process, the atoms in the cold worked or “dis 


_ difference between final and activated states. 


; in 
| nt 


at and show that the formula is consiste 
with my experiments and ena s results. 


§ 4. Reaction Rate of Recovery Procesll 


According to the reaction rate theory deve- 
loped by Eyring and others@”, I formally express 
the recovery process as follows. In the recovery 
located” state is supposed to arrive at the 
annealed state through some intermediate state. 
We shall specify the ‘‘dislocated* state as 
‘initial’? state, the annealed state as “final” 
state and the intermediate state as ‘‘ activated” 


state. 
{ 

0 Activated State 

7 ; 

3 | 
e . : 

BI Initiol State k 
Final Stats ; 


| t 

* 

Fig. Be Potential energy curve for the of 
reaction. &. 

In Fig. 5 the rate of reaction from left A | 
right is given by :: 


k, = (kT/h) exp (4S*/R) exp (—E/RT), Cy 


where 4S* and £ are the entropy and energy 
difference between initial and activated state 
R the gas contant, & the Boltzmann constant, 
the absolute temperature and h-is the Planck. 
constant. _ é ine 

For the reverse reaction from right to left, 
the rate is given by 


&- = (kT/h) exp (4S*,/R) exp(—E,/RT), (2 
where 4S*, and Ey are the entropy ‘and ener 


Then, the net rate of recovery PEOCHOE fe is 
given by. 


pte dy Por = WeP'IR) exp (45%) Ry exp (— —E,/R 
{exp (—6S/R) exp (@E/RT)—13, — ; 


He vestigating ane tania we Meow that 
nly: the quantities | 68 and 6H vary with the 
pceress of plastic deformation. In equation 
@), the entropy change aS due to cold work may 
6 small compared with AS*y 


‘The value aE represents the energy increase 


from ‘the energy | Ww released | during recovery 
process. As the energy stored during ¢ cold work 


4 lattice put localized in dislocated regions in the 


4 lattice, oR may be expressed as 


are ‘covery. ~ 


: poscine heat iplongit the Svanboeaes axis. 


oF the reduetion of paige, of the: specimen 5 Oh 


A ical, eal "Lata f ee 
Rok 60 sl 19.2 |, 0.47 4 “0.051 
*e Tce a 0.34 | 0.054 
fs bar f | 42 f 0.09. | 0.0238 
: ee Gee Bae 0.06 0.088 
| oe 70.0 | . 105. | 9.95 : 0.091 
60.0 | 72 | 0.81 | 0.110 


confine ourselves to the first stage of recover 


stage may be handled with comparative ease. 
due | to cold work. ‘This. value may be calculated ~ 

equation (3). 
to be equal to the latent heat OF fasion 


is not. ‘distributed ‘uniformly through entire” ‘copper 3,110 cal/mol. 


S, on = nW.: pant, ie ee fe __the second stage. 


simplicity we: assumed the usual “relax 


Totel_ enetgy “released daily re- 


total energy re lenecd during the. recovery x 
“process: ‘is obtained by. integrating anomalous "+ perature T upon time t. 


‘Table ; pea’ of energy released sbirolye the first stag 


af eal this! sample a as “«@) ‘ 


for the 53. 5% compressed pooner hie 


work done during plastic ae old ie total an : calle rae <b”) 


observed. 


bidgiy ee i 


- Rate of recovery aa iuiocs 


tions in cold worked polycrystal. 
line copper. 1a 


Using equation (3) we shall derive the value 
n for cold worked copper from my experimenta 
results. To.make the’ problem clear, we shall 


process, because only the strain valCased in this 


First, we must determine the. value Ey in 


In this paper, we shall assume i 


the energy released in this stage from th 
To do so, for ‘the sak 


equation 195 - 


dWidt=—-AW, A=A Pe ne 


the ‘anomalous specific heat— ye: 
taking into account of the dependence 


Thus we can obtair 


hates 


f 


W,, = 0.30 cal/g = 19.1 cal/mot, a 


Was = 0.26 aalie =e 16. 5 cal/mol. 


abe these two samples the rate of ree 
ka and «, must be equal at the temperature 
which the first “valley” of specific heat 


‘In Figs. 1 (a) and 1/(b), this temperature As 
found to be i 


Pd, Tee 
Ty = A85°K. ©, (B:2) 


for sample ‘'a@’’ 


for sample Rk: 


* This equation may be the approximate formula corres~ 


+ ponding to (3). 


EG: 
f 


results by Koehler“. 
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Then, what value of m is to be assumed to 
explain this variation of reaction rate due to 
term JE in equation (3)? Equation (8) can be 
simplified in our case, and for samples ‘a’? and 
“6”? we obtain, 


5 exp (—E,/RT 2) exp (6Ea/ RT 2) 


=T, exp(—E,/RT;) exp (0Ey/RT:).. (9) 


i Inserting the numerical values given by (7) and 


(8) into (9) we obtain, 
nm = 41.5. (10) 


- We shall compare this value of with the 
He has calculated the 


energy of dislocation lattice shown in Fig. 6 by - 


elasticity theory, and determined the separation 
distance of dislocations so as to obtain the 
experimental value of Taylor and Quinney. In 
the two dimensional expression, Koehler proposed 
a circular region of radius ry as a model of the 
dislocation center. 


Koehler’s results indicate: us in the case of 


severely cold worked copper, 


Oo ®: OD O:2@ 


Fig. 6. Dislocations in retangular latties 
(after Koehler). 


Using this model we shall . 

express the energy of cold worked metal as , 
: ‘ 

concentrated in these circular regions. 


LR Oe eek ee 


whete a is the separation distance of dislocations 

(Fig. 6). 4 
Now the “energy concentration factor”? 

introduced by the author can be evidently given 


Using Koehler’s results (11) we- 
4 


by ” = a*/zr,?. 
have 


n = a'/7,? = 46.7, (12). 


which is in satisfactory agreement with the 
above value n = 41.5 obtained in quite a different 
manner. _ ; 

In conclusion the author expresses his sincere 
thanks to Dr. Y. Tani for his valuable sugges 
tions and to Mr. S. Nagasaki for his helpful — 


_ advices in the course of this work. He is also” 


indebted to Dr. I. Imai for his kind guidance in’ 
preparing this article. This study was. helped ~ 
by the research grant given from the Ministry 
of Education. i 
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Introduction. 


1. 


_ The so-called fast counter has many excellent 


: ‘ments of nuclear and cosmic- ray physics. The 
‘discharge of ee fast counter is. quenched by the 
“dissociation of organic vapor besides the shield- 
ing effect. of the space charge, qt sO. that the 
“amount of :he vapor. is necessarily reduced; and 
“decomposed simpler gases such as CO,, Hz, O, ete. 
“are produced. Owing to these gases, the character 
cot the counter becomes worse and is damaged at 
last. In addition to the dissociation of. organic 
molecules, the delicate variation of the surface 
of the counter wall often” makes - the counter 
character decisively poor, the reason ‘of! which i is 
“not ‘yet perfectly ‘explained. Accordingly, i in the 


“experiment of long period as the. routine obser- 
vation of. cosmic-ray intensities, it is very dif- 


ficult, to “keep ‘the counter characters constant ° 


all” ‘the while and to get the data in the same 
-condition for long time of observations. 
On. the other hand, the slow counter. is. some- 
eyhat inferior to the fast counter in its characters, 
“but its gas “molecules are never dissociated by 
“the discharge. Therefore the slow counter can 
“be operated very stably for very long time by 
“proper setting of external circuit, and in some 
“experiments it is. rather excellent. 
The counter used in ‘the experiment consists 
a a brass cylinder 4.5¢em in diameter, with a. 
“fine” tungsten wire for. the central electrode. 
“These are sealed in glass tube containing hydrogen 
at 80mm. Hg pressure. 
stain a little amount. of water Epon as. impurity. 


§2 Ze Aaalvels. of Johnson’ s Quenching 
Circuit. a 

z When the. central electrode of a slow poate 
as. grounded and the negative. potential on the 


The inner gas may con- 


By Goro Fusioxa, Isao Kira and Osamu MINAKAWA 
Meteorological Research Institute. A eb 


(Read April 28, 1949; Received July 31, 1950). 


characters and. is | indispensable for the experi-— 


that slow counter cannot practically be me 


: however, remarkable that. this continuous nae 


‘circuits make use ‘of this property. 
discharge is consisted of! only a high resistance. 
as 10° 2, and other _quenching circuits using 


vacuum tubes were also devised. 


provement of counter characters but the results 
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Or the Analysis of Quenching Circuit for Slow Counters. 


eylindrical wall is raised gradually, the counter 
begins to operate from a definite potential V4. 
Here V4 is the threshold potential. And when — : 


the potential is raised further, the counter ceases ok 


to operate suddenly and the continuous corona 
discharge begins at a definite potential Va ‘ 
Generally this counting region V,,— Via is within 


several volts, while V4 is about 1,000 volts, So. 


without external quenching civeuites Ate 


charge. current. never begins with zero but 
definite value bm, and all the external sy 


The most primitive circuit for quenching th 
“These an 
other ‘modified circuits were tested for the. im 


were almost the same. Then we used Johnson og. 


in Fig. 1. 


Johnson’s circuit. 


Fig. 1. 


In the present circuit,.the potential difference 
- across the counter electrodes is the sum of the ap-- 
plied negative potential V and the cathode. poten- 


4 ¥ 
¥ 
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tial v(e,), where. e, is bias voltage of the tube 
and equals to the product of discharge current 7 
and R. When V is raised, the counter begins 
‘ito operate at potential V; and ceases at potential 
Bic V,.. Relations between (Vi, V:) and (Vu, 
. as follows: 


V») are 


Vaz= Vi + v(0) a 
Vin = V2 + V(tm RP). 


_ Therefore the length of the counting region is 


V,— Vi = Vin— Vat 7) (0)—v (in R) 
= U(0)—v (in BR). : (1) 


In the case of a pentode, v(e,)—e, curve is 
given typically in Fig. 2. From Eq. (1), when 
leak resistance is R and i,,R=OA, then the 


counting region is BC. If i, R is lower than e, 


. _ in the figure, we have no.counting region and 
if 7,8 is higher than the cut-off voltage e,, the 
f ; : counting region is equal to v(o) in length. There- 
: fore the minimum leak resistance to give the 
maximum counting region v(0) is given by 


he R = €- (2) 


f In this way the relation between leak resistance 


We ee and the length of counting region becomes - 


oat quite evident. 


VY (eq) 


aaa 


x) 
PQ Vans ey A Pe Dig 
Relation between the circuit 


character and the length of; 
counting region. 


Sa After Werner, 7, being independent of R, 
é _ differentiation of Hq. (1) with R gives 
: : at Av(e,) . 


pei us tne ++ Bbn (8) 


I | as Vj is evidently independent of R. Therefore 
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Y potential is approximately equal to that of cathod 


- ¢an regard Johnson’s circuit as a high resistance 


the dependency of the length of counting regi 
(V,-F& curve) is expected to .be similar to t 


Experé 


mental data of the above mentioned counter ib 


vacuum tube character (v (e,) -e, curve). 
shown in Fig. 3. The solid curve in the figure 
Reprenents (Eg) — €, relation and the dashed one 
is gee B palstibas Similarity between both 
curves:is satisfactory and the above discussion 
is verified experimentally. 


-/fo0 . 


200 


: . 
x / 
/ 


Xo im ee Sah PY ok 
i 
joo a 


iedeaiiaar wads oo a eee a eee een er ee ae 
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Fig. 3. Observéd result of the circuit 
character and corresponding counting 
_ region V, as a function of R. 


Comparision of both curves gives the experi 
mental value of i,,. And in our case it is 1 01 


#A, but the experimental pees is considerabl 6 
large. : 


§3. Equivalent Circuit. 

In Johnson’s circuit, the variation of outpu 
potential o(¢,). Therefore, when the leak current 
through R is varied by 4i, the variation of 
output potential amounts to * 


Bribie 4i.R)—v(iR) = 9) Rai uRi. 


The equation shows that the circuit is Sauivalend 
to a resistance. AR, 80 far as amplification factor: 
A is regarded as constant. Moreover, after a 
discharge is ceased, the recovering time constant 
of the output potential is a shown to be 
HCR as is expected. 


In the following experiments, fhekepubeong we. 


wR. Of course this approximation is essen 


. 


Se the ‘shape of ‘counter flee 


4. ‘Experimental Data of the Circuit. 


4 As related before, the. counting region of a 


slow counter i is mainly decided by leak resistance 
g R 80 far/as Maps BB. not varied, and if R is large 


nough it equals to lo) si ' 
“When a pentode UZ6C6 is used, ‘the length 


besides. ie ~ Relations” between the length of 


‘of different. plate resistances ‘were measured. 


Noe 


‘Fig. 4i is the results of the measurements when 
¥ the screen voltage was. kept at 45 V. With other 
-sereen voltages those | curves are somewhat varied 


put there exist no essential differences among 


4 aes i Sao veep 


ters which. correspond to! curves 


yunoy 


- 


wor 


UC Veen pesist sy -« 


Oe 


Rig. i Dependence of counting region on 
R by. gunet en E Plate resistances t 8. 


-portional to reciprocal i,,, because the produce 


of. counting region depends on plate resistance r. 


“counting region and leak resistance in the case 


Tn Fig. ae are given the’ vacuum tube charac- 
‘in. ‘Fig. 4) 
‘Similarity between both of them is, satisfactory. 


‘The values: of om determined’ from different My 


alues of plate resistance are. in agreement with ; 


1S large: eae counting’ shayeoeel bee mes 


but as shown in Fig. 6 we must use the higher 


each Ved within the eapernient a errors. In 
our measurement we got 1.01+0.10 wa The: 


leak resistance to give the same length of. ‘eoun- 
ting region varies with different tm and is pre 


ink is essential for the action of the cireuit. | if 
Thus we know how to use J ohngon’ Ss circuit for 


“the ‘operation of any Slow counter. 


ye 


‘Fig. ee Gineuit characters corresponding zi 
to curves in Fig. 4, 


4 


$5 5. Counting Characters. 


ros in Fig. 6, where plate resistance is - 
To the contrary of fast counter, the countin 
characters of slow counter falls down towards, 
the end of counting region as shown. 

From’ Eq. (2) the minimum leak resistance 


to give the full counting region is ‘about 3.5M2, 


resistance than this value to get flat character. — 
The reason why the character curves fall down — 


' fast counter. 
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is that, with rather low leak resistance the pulse 
length of slow counter is much prolonged, when 
counter voltage is raised. This problem will be 
discussed in detail in the following paper. 


so soo 190 200 250 300 
Over voltage 


. Fig. 6.\ Counting characters of a slow counter 


by different leak resistances. 


Counting character in Fig. 7 is that of a 
Dashed curve represents that of 


_ the same counter using an usual amplifier. The 


character is considerably improved by using 


Johnson’s circuit and this is because the counter 


Potential is lowered down below the starting 


4 potential and “‘Nachentladungen” are covered 
Sieh Oh the pulse of the circuit. The character is 
quite different from that ‘of slow counter in 


Fig. 6, which means that the discharge mechanism 
of slow counter is essentially different from that 


- of fast counter. 


ar Counts /min 


(200% peek c 
é 


/00 200 Joo Yoo foo BY 
. vw i 

Over woftage ; 

i 


Fig. 7. Counting character of a fast counter 
measured by Johnson’s circuit and or- 
dinary amplifier. It is quite different} 
from that of slow counter. i 

This work is partly indebted to the Ministry 
of-Education for research at 


4 
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Introduction. 


Bi. 
Be Pulse shapes of Slow Counter. i ie 

Ge. Ih the preceeding paper™, it was pointed 
out that Johnson’s circuit for quenching the G. 


resistance “R, where # is amplification factor 


of the cireuit and R leak resistance. Therefore 


in the following discussions, we regard the qu- - 
enching circuit of slow counter as ‘a high re- | 


! sistance LR, although the slow counter used was 


operated by TJohnson’s circuit in practice. 


aa The pulse shapes of slow ‘counters can be 


“observed on a screen of an oscilloscope without — 
disturbing the genuine shape, if the cathode of 


the circuit is directly applied on the oscilloscope. 
“The - -observed pulse shapes © cat various counter 
voltages are sketched in Fig. 1. In the experi- 
: ment vacuum tube used is UZ6C6, leak resistance 
; Mo, plate resistance 200k @ and the eapacity of 


“the counter system is 24 unk. The pulse shapes 


‘are. somewhat different whe different. cireuit 


es Cou . Over voltage 


: 200 


“2 Fig. 1. Observed pulse shapes of a Soe 
/ ounter at. various overvoltages. ; 


chanism of Slow Counters. 


By Isao Kira. 


Meteorological Research Institute. 


M. counter dischage was equivalent. to a high 


sists of rising part ABC, horizontal part CD an 
. decaying part DE.. Rising part has a bend a 


beginning of counting region, but towards. th 


’ mechanism. 


‘s Montgomery and Montgomery™ was not observed. 


Bash thy 2 


i 
\ 


* On the Discharge Mechanism ae Slow Counter. 


(Read October 30, 1949; Received July 31, 1950). ‘2 ae 


be 


Fig. 2. “Typical pulse shape of slow counter’ 
and the corresponding discharge. current. 


chnathits and counter jproperties, but they are 
essentially of the same type in all cases. vi 
In Fig. 2(a) is shown a typical pulse shape 


in detail. As seen in the figure, the pulse con- 


B as shown. Roof CD does not appear « ite the 
end of the region its length grows. longer ‘and 
this.part of pulses becomes continued at last. 
At D the pulse begins to decay exponentially. 
In the following these aspects of pulse shap 


will be discussed in connection with the aie tae 
The so-called “ Overshooting ’” renutios ty 
in our experiments. This may be due to the Via 


rather large capacity of the counter system. ies 


§2. Discharge Mechanism of Slow, : 
Counter. 
In the case of fast counter, the discharge, 
when triggered, is quenched at once and positive 


- ion cloud reaches to the counter wall. 


pit and 6 radius of counter wall, 


100 
ions produced in the discharge expand in a form 
of thin sheath. So in the operation of fast 
counter, a low leak resistance can be used and 
accordingly the pulse shape is very sharp. 

On the contrary, the discharge of slow 


counter is quite different from that of fast ° 


counter, as is known, 
detail. 


(i) Rising part AB.—When an ionizing par- 


and discussed here in 


ticle enters into counter volume, it ionizes gas 


molecules and produces electrons in the counter. 


» These electrons move’ towards the central wire 


; and grow to an avalanche in which are produced 


‘eae electrons, positive ions and gamma rays. In 


slow counter these ions and gamma rays can 
pull out another electrons and succesive dis- 


‘charges are developed, according to photoelectric 


‘effect and poor shielding effect of space charge. 
Thus, during the counter voltage is above V,,©®, 
the discharge connot be quenched but continues 
" without interruption. Therefore the produced 
bi ions expand ‘‘in ion cloud” instead of ion sheath 
as is the case of fast counter. % 

At first we assume that the bend B in Fig. 
- 2(a) corresponds to the time when the head of 
. ; Then the 
arrival time t, can be estimated approximately. 


Ris For simplicity we regard ion cloud as a conductor 


_ and assume that counter voltage is not varied 
during the arrival time, then the fjeld at the 
head of ion cloud. (r from the center) is given 
Shy: 

» A # Vo 

for r log b/r ’ () 
a as is well known, where V, is counter voltage 
Arrival time t; 
is, as follows, 


Se pa | d= a3 ae Vy, [)rloe Sar 
: 1 b?— 2 


_* being ion mobility and a the radius of the 


central wire. Substituting b = 2.25em, V; = 1040 


cm/sec 


volts and «=140 volt Jem 80mm Hg of bei be 


Me tiie estimated 2 as 8.7x 10-5 sec. 


Isao KiTvA. 


_ third or a fouth of final pulse height V,— 


7 b? log 2. 
a 


_ shown in Fig. 3 and is represented by 


However the experimental value of ¢; is 1.5 x 
10-5 sec. and is about twice the calculated one. 
This may be rather satisfactory, consisdering 


J 


that ion cloud is not of course a perfect con-" 
4 


ductor and the actual field strength at the head) 
is weaker than that calculated from Eq. (1). 
Therefore the bend B is considered to be the 
time when the head of ion cloud reaches to the 
wall, as assumed. ; 
To calculate V)—V, (pulse height at B) is not~ 
easy but from observations it is only about a. 
Vz. 8 
(ii) Rising part BC.—After the head of ion ; 
cloud reaches to the counter wall, gas molecules’ 4 
and the wall supply new electrons and new 
avalanche are produced successively. Such many 
elementary discharges are repeated in far shorter 
time interval than that of BC, so that the dis- 4 
charge continues and the discharge current is ~ 
decided uniquely as a one-valued function of F 
counter voltage V. Its functional form is para-_ 
bolic and represented as 


a => ViVv— Vx) , 


8) 


where J is effective length of slow counter and j 
Va threshold voltage. ‘Substituting the numerical ~ 
data in Eq. (8), we obtain 


i = 2-6x 10-4 V(V—1,040) , (3.4 


in our case 7 is represented in #A and V in volts. 


On the other hand the observed relation be- 
tween discharge current and counter voltage is 


(4) 


Agreement between the calculated and the — 
observed values is satisfactory. | 
Here we can replace Eq. (8) by 


 ¢= 28x 10-4 V(V—1,040) . 


b? log a 


BR ras 
2nKlVi’ 
where p is the internal resistance and regarded 
as constant because in practical use a V—Var ; 
From Eq. (4), is 4.3 Ma. 4 

In fact Eq. (5) is valid only in seohag btnbae 
but as related before transit time of Positive 


i= =v Va)0 = (5) 4 


e 
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Fig. 3. " Continuons discharge current : 
er ot. slow counter. 


iF t ee = 5-8 


Now. let af be the » current throw leak re- 


istance wR, then 


= BV 6. 


Age Vor means ‘the ote, aoe ant: V the 
And let C the — 
capacity of the: ‘counter system, then we have : 


net potential across the counter. 


Substitating Ba, 6 and Oi in the above equation, ae 


Ng noel yy ee A ors Wey. 
gh is sf “ * 


This ‘differential: equation. can be easily solved, 
Biving ee : 


as oe 


ae Z ‘R a lercy ay -¥ +eonst. 


eae daa ay: 
es exp oGra ie 
Potential Vs at. B give the . integral constant, but 
o— Vi is small compared with: the final pulse 


pe 


i 


“height Rye Vis Conseasanty ae the ee 
} eurve CB to A’ in ae 2(a), we get 


- where time origin is at A’. 


‘the final value V,— 


: yak es 
“neglecting —— oe as(4R~1,000M2,0~4 Mo). ve 


- fore the time constant of rising part BC is in 


system. 


ai is shown in Fig. 2(b). 


its horizontal roof part: as seen. in’ Fig. Bat 
height corresponds to the final value of Eq. ( 


a short time t; and the pulse begins to decay 
# exponentially thereafter. ‘Undoubtedly hig inereas 


that of final ene current. 


Vis Vaz aps ‘4) E + ee exp 


boletaas): 


pap o-V 


Sl en pe 


Thus the counter voltage. V approaches to 
Vi exponentially after Eg. ie 
(7) and Vy is given by 


ve Ve os (Vo— Va 


eee time constant of rising Lie 


| an) from Eq. (7), and it turns. ‘out. a 


‘C “R. 


dependent of he resistance and counter voltag ! 


Corresponding iiegk eee current is. 


oe mda Ag vba =?) ON Kare 
ADRs eek ge 


aR = 


Gi) Horizontal. part CD. —Towards the end 
of counting region, ‘counter ‘pulse begins to. have 


extinguishing the exponential term and is given 
by Eq. (7/).. 


‘The corresponding’ steady curren is 
given from Fay) as follows, ; 


_VW-Va 
7 p+uR 


a 


- Generally this steady current is cut off aft 


ALE 


with increasing counter voltage, but it is qui By 
random in length in the same, condition - and, ig 
the quantity only statistically determined as an 
average value. According to Werner® it is Ane 
exponential function of over voltage V.— Vari i. e ey 

In our experiment, moreover, it was diatneely 
observed that the life time t; was increased with 


increasing capacity of the counter system. In 


i 
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fact, if a large Sephari such as 0.01 Fis added, end of counting region, the operation of counters | 


continuous discharge current flows from the is broken down and pulses cease to appear a 
beginning and there exist no counting region. are shown by arrows in the figure. ; 
In practical use, therefore, the capacity of : ; : D 
: : § 4. Rise Time. : 
counter system must be kept as small as possible. : | 
The problem of cutting off of the steady As related in §2, after triggering of a dis- 
discharge current is an essential subject in dis- charge, counter voltage approaches exponentially 4 
charge phenomena and not yet solved. to its final value that is given by Eq. (7’). Its 
(iv) Decaying’ part DE.—After the steady time constant is Cp, while exponential function) 
discharge current is cut off, the counter voltage exp (—2) seems almost to vanish with a=4. ay 
begins to recover exponentially and its time con- fore it is expected that the observed rise time : 
stant is “CR. This is easily verified experi- t, including AB and BC is about four times the: 
-—mentally. In this part we have of course no time constant. 5 § 
discharge current through counter as shown in pee. ; : 
; — 
Fig. 2(b). t 
From this dischage mechanism, the observed Accordingly it is independent of both Sees 
. pulse shapes of slow counter can be explained ting voltage and leak resistance and is Bropors® 
satisfactorily. : P tional to the capacity of the counter system. i 
zy ; In Figs. 5(a), (b) and (¢) are shown experi-— 
§ 3. Pulse Height. mental results. In the experiment pe = 4.3 Mo, 
Pulse height of slow counter can be measured c = 45 azxF and other small mica condensers” 
directly on a screen of an oscilloscope. From , Were added. It is difficult to determine eee 
a ‘ Eq. (7) the end of rise time and experimental ambigui-_ t 
: Pier ue ert aVan¥ Ve yaad er ; 
ae po pi aR SY OTT A ¥ jo x e, ‘ . \ 
\ > Soa aa v ¥ 
; because uRS 0. iPharetoe it is uppresinstoly é 8 
‘3 equal to overvoltage V,—V4 and does not depend 2 6 
u 
aa Bos leak resistance “R. Ries ey 
Bayt Experimental results are shown in Fig. 4, 
_ in which pulse heights are equal to overvoltages 2 
2 within experimental errors, and they are not ie) tee ss = oo 
¥ bind f i 7 oo 50 oo oO 
i pies with different leak resistances. At the Oirenor ottag & 
: th Fig. 5(a) Rise times of slow counter dalaens 
2gob \ when the overvoltage was varied. 
a raed ee oL* /o“sec, | 
a 3 2oo RY Y 
4 ae ° 
as: 160 a WA 7 
% R 


RiSe time 


s 70 / Ma 
ie ¥2 §0 120 160 200 2Wo 2%0 uv Leak resis ea ' 
Over voltage ‘ 
, ! _Fig. 5(b) Rise times of slow counter ines! 
Ane Fig. 4. Pulse heights of slow counter. | ‘ 


when the leak resistance was Ciba 


2 EEN aie Cen Con rt sk 
a. te! CRESTS in MME 
a Om tice tikes of slow counter pulses 
; _ when the capacity of counter system 
= was aries: 


pare 

‘ties eae in the figures 2 are unavoidable. ‘Within 
these _ ‘experimental errors the observed values 
“agree with the calculated data which are shown 
by solid lines in the figures. 
rather good, considering the rough measurement 


of the: rise. time intervals. 


; oe resistance, the ‘smaller the steady discharge 


system is injurious for the operation of counters, ih 
“because the rise time is proportional to the 
Capacity and ‘the dead time becomes longer. in + 


' eonsequence. 


to Mr. G. Fujioka for his valuable disevssions 
This work is partly indebted to the Minister 


This agreement is DEN 
(1) Fujioka, Kita and Minakawa: eS y 


‘AS. seen in the Gioare: rise same a pes not | 


depend on leak resistance R. The higher the = (3) Werner:. Zs. f.- Phys. 90 Ae ae 


“current: ay and therefore the Shores the life 
time t; of pulse. Consequently high leak resi- ay 


stance is not injurious but makes dead time of. 


counter discharge shorter. This is to the con- 
trary of fast counter and i is rather an pnexpeenas 
result. . 


On the contrary large capacity of couitee 


Therefore in practical use ‘the 
stray capacity of the counter system must. de | 


kept as small as possible. 
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Education for research grant. - 


44°, References.: ~ 
Soc. Japan : This issue. : 
(2) Montgomery and Montgomery : 
57 (1940) 1030. 


(1984) 705. 


e et. “Introduction. 


Be isc The ‘yariation. of the Caretecter of G-M 
counters with temperature. were treated briefly 
| by Trost. in his pioneer work. 
ray experiments. using GM counters at high 


& 


Te 


range. » } Thus” it seems necessary to: investigate 
the effect of temperature ‘upon: counter charac- 


“On the Temperature Effect of Geiger-Miiller Counters. 


“By Goro Fostoxa, Isao KITA, and Osamu MINAKAWA. 


La, Gor | Meteorological Research Institute. 


C1 A5 A one henna (Read Oct. 31, 1949; rhea cd July 31, 1950) 


‘Recently cosmie — 


altitudes are made frequently and in these cases. 
line temperature should vary in appreciably wide . 


iebisties? 
Moreover, the change of the Metin see Pate 
temperature might be a clue to the investigation 
of the. discharge mechanism. iy 


-.The variation investigated ne Trost was ‘ 
mainly ‘due to the liberation of gases from glass i 


-and can not be considered as the proper Charket 


We investigated the effect of 
temperature upon threshold voltage and charac- 


of discharge. 
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\ teristic curve of counters. 

‘The counter cylinder used is made of copper 
45mm in diameter, and the central wire of 0.1 
mm tungsten. The counter is.sealed in hard 

_ glass and evacuated at about 400°C. Then the 
copper cylinder is heated to 800°C by the induc- 
tion furnace. The filling gas is a mixture of 
90mm Hg argon and 10 mm Hg ethyl alcohol 
vapour. 


Si2s Threshold Voltage. 


The threshould voltage was determined on 


oscilloscope screen. An Example of the results 
js shown in Table I. There seems no systematic 
variation and we can conclude that the threshold 
voltage is not influenced by temperature, as 


_ expected from the theory of gas discharge. 


Table I. 


_ Temperature (°C) VARS? Naber y tien: 9 ieee: tt eu ay § 
_ Threshold voltage (V) 1084 1042 1038 1040 1042 1042 
_ Temperature (°C) 65 72, 78 . 84. 93 - 99 
Pg? Threshold voltage (V) 1088 1088 1036 1088 1036 1038 


--§3. Counting Characteristics. 

, _ The variation of ‘characteristic curves with 

‘ : temperature in the case of rather good counter 
‘is shown in Fig. 1. It may be seen from the 

figure that the counting character is improved 


when the temperature is raised. 


7/00 /200 7300 [hoo 7 


Fig. 1. Characteristic curyes of good 
‘ counter at various temperature. 


Then counters with bad characteristics ntete i 


tested. The, results are shown in Fig. 2 and 


Wo. ive | 


3. The higher the temperature, the better the 

characteristics. But the characteristic is suddenly _ 
destroyed, when the temperature is raised over” 
a certain value (different values in: different 
counters). As long as the temperature 1s lower 
than this critical value, the characteristics are” 
reproducible. But if the temperature. is once, 


raised too high, the characteristics are not soon” 


othe 6AM Cay OF 


recovered when the temperature-is lowered, and 
it requires relatively long time (about some days) ~ 
for the recovery. 


Counts/min. 
3000 


1000 


, Li al . a 
ee oe er a SE Cg ee ee 


loo * 200 4300 io 


Fig. 2. Characteristic curves at temperature 
higher than the room temperature. 


 Countsf,;n. 


Zoe 


/ooo 


Woo 1400 
Fig. 3. Chamenatans curves at temperature 
lower than the room temperature. 


, 


N eo and SE Ee Tt seems io of some i ebeeah 


counts ‘gf a Vechten: with and wont. N.E. 
simultaneously. The differen¢e of these ae 


counting curve without N. E. is the measure of 


and Ss. E. ‘separately, 
pe To eliminate NE., the Sbeciaieel gate eilentt: 


which ‘does. ‘not transfer pulses in a certain — 


interval. after ‘one pulse is transfered, was used. 
When the thyratron is once discharged, ‘it does 
not respond to the subsequent. pulses until its 
plate. ‘voltage recovers to a certain value. As 
N. E... distribute in about 12x 10- 4sec. in the case 
of our counter dimensions and gas constitution®, 
the insensitive. time of. the: gate circuit was 


chosen as 15 x 10- bl sec... ‘Thus N. E. were entirely 


eliminated in the counts through the gate circuit. 
To make 


counters ‘were operated without radioactive 
source. The natural counts were about, 300/min.. 


To simplify the situation, counter with almost 


N.E E. only and ones with almost S.E. only were 
used. , An example of the results ‘obtained with 


total counts. and. the dashed one is the counts 
filtered by the gate cirenit. Circles and triangles 
are the data’ obtained soon after the original 
character was destroyed by the, too high tem- 
perature with | and without N. B., respectively. 


Fig. 4b gives the percentage of N.E. and circles. 


sorrespond to the data of triangles and circles 


in Fig. 4a. We. see that N. E. decreased when 


emperature was high, but if ‘the temperature 
was aE aised too. ahah S. E. appeared suddenly and 


pall 


* * Hereafter abbreviated as NE. ‘and S.E.. Tos aadaeaes 


values gives the number of N.E.. The rise of 


‘Thus we can- measure N. E. eae Se ae fe 


negligi ible ‘the loss of true counts i 
oceured suceessively in this time interval, 


a counter, with: ‘N. E. are shown in Fig. 4a and 
Ab. che solid curve of Fig. 4a -represents the 


'N.E. increased at the same time. “When oe 
_ temperature was lowered again, S. E. did not 
vanish and the occurence of N.E. was not reduced. 


to the origina] value. After one day this counter. 


was almost recovered to its original character. 


_ Joo 


eke 50 * loo 180 nf meat CE 


Fig. 4a. Counts with and without N.E. at 
various temperature. The over- 
voltage is 280V. pees e305 
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Fig. 4b. The probability of N-E. at various 
temperature derived from Fig. 5a ‘ 


But even at this destroyed state, the fiche the 
temperature, the less N.E. and 8.E., as long as 


106° 7s 


the temperature is lower than the critical tem- 
perature. 


The results obtained with the counter with 
S.E. are shown in Fig. 5. Curves are the ordi- 
nary characteristic curves. The figures represent 
the order by which the measurements were 
performed. The conditions are shown under the 

“figure. In this case the temperature effect is 
similar to the case of N.E.. At any temperature, 
N.E. were not observed. On account of the steep 

‘rise of counts by counters with S.E., the over- 
voltage could not be raised so high, that N. E. 
might not appear in these voltage range. 


Counts/, 


1050 _ tee $0 4200 


Fig. 5. Characteristic curves of acounter 
with S.E. at various temperatures. 
17.5°C 2: 45°C 8: 79°C 
108°C.’ 5: 44°C, 2.5>r. after 4 
16°C, 18-after 4 7: 50°C, 40". after 4: 
65°C, 42h. after 4 9: 18°C, 655" after 4 


Rare 


When the counter with N.E., which had been 
operated several months, was used, N.E. increased 
appreciably as the temperature was raised to 
69°C. But when the temperature was lowered it 


did not recover its old character. In this-case 


the critical temperature mentioned above might , 


be lowerd owing to the numerous discharge (of 
the order of 6x10’ counts). 


Generally speaking, N.E. as well as S.E. 


_ decrease when the temperature is raised, but 


when the temperature is raised over a’certain 
value, they increase suddenly, and this after- 
effect does not vanish in about some days. 


Goro FusioKa, Isao Kita, and-Osamu MINAKAWA. eee (Vol. 6, 


§ 5. Discussions. 


Characteristics of newly constructed counters 
improve at high temperature as stated in §3, 
therefore it seems desirable to operate counters 
at warmer conditions than the room temperature, 
if it is not too high. But, operated ‘appreciably 
long, the situation is not so simple as seen in’ 
§4, and some care is necessary when the tem- 


‘ 
4 


perature may become high. 
The irreversible change at the high tcipnerel 
ture may be due to the liberation of gases from 
glass or metals. By old counters the situation 
might be as follows; the small molecules of de- 
composed gases from alcohol might be almost 
adsorbed at the room temperature and the counter 
characteristics do not deteriorate so soon, but at 
higher temperature such injurious gases might) 
be liberated easily and therefore characteristics 
f 


To operate counters at low temperature is 


become worse than at room temperature. 


undersirable even apart from the condensation. 
of alcohol. — ; ; ; 
_ N.E. and S.E: behave similarly at least. 
qualitatively when temperature is raised, though 
they are considered as quite different phenomena, 
because counters with almost N.E. only and those 
with almost S.E. only are present and becauss 
S.E. increase, though N.E. do not so increase, 
when the fraction of alcohol is raised. 


On the origin of N.E. and S.E., one of us 
presented a phenomenological concept several 
years ago, N.E. might be caused by the 
secondary emission by small positive ions an 
S.E. might be due to the double layer, e.g. formed 
by large positive ion attached on the cathode 
wall. . bie 

When the temperature is raised, the collision 
frequency of imigrating positive ions and the 
probability of charge transfer would increase. 
(The imigration time depends mainly on the field 
intensity and hot to the thermal velocity and ee 
the gas temperature would not so influence the 
ion temperature.) Thus the number of small 
ions reaching the cathode will decrease at higher. 
temperature, and so the decrease of N. E. may be 
qualibativals explained. Shag | 


roblem is. not so > simple because Fe spurious 
| charge is not of one kind. 

3 The decrease of S.E. might be due to the 
pression of the field strength of the double 
layer according to the inerease of the distance 


between ion and the metal surface at high tem- 


perature, but to proceed to such extent seems to 
be too tentative at the present stage. It is sure 
that the condition of the cathode surface is 
essential to the oeeurence of N. E. and S.E., but 


it ‘is so delicate and rich of variety that -to 


me 


ia ras oF 


(1) A. Trost: 


(3) O. Minakawa: | 
(4) O. Minakawa: 


‘ _ investigate this point is very difficult and tedious. 
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Mistioduotion: 


Pe experimental works “have: been 
carried out on the colored centers of alkali- 


nd his school. 


absorption, while potassium chloride has new 
absorptions ‘called R, V, and M®. The theoretical 
cr iscussions concerning to the nature of these 


absorption centers particularly the F-center were 
given on. experimental, materials ‘by Boer®, 
Hughes“, Mott, ‘Tibbs®, Seitz, Muto® ete. 
These paved the way - to a ‘better understanding 


of, some of, the sea interesting myppesiee of 


solids. ae Bey 

In the present paper a 1 report is given of a 
new absorption band in a colored rock-salt eryst- 
al called K absorption which was already found 
by the present tpriters®. The K absorption may 
be induced by several ways in NaCl, its maximum 


being situated . at. 295m. When irradiated with 


ane. ght of its oleh the érystal exhibits 


halides since the pioneer investigations of Pohl? 
At the present time it is known 
that the Baler et alkali-halides show F, F’ and U 


By Yoichi ‘Vous, Masayasu UETA an Yoshio aoe 


(Received July 14, 1951) 


luminescence accompanied | by photoconducti 
By this process, K-centers decay and transfo 


_ into F-centers. The nature of this K-center n m 


be ‘eae by these properties. 


2. ‘Formation of K-center and 
Absorption. | . 
NaCl crystal having K-absorption can 

prepared by an apparatus shown schematica 

in Fig. 1. A rock-salt R with a dimension. 
10x10 x20 mm*. was placed between a flat ano 


A made of carbon or platinum and a pointe 


so eae ob 9_} | a te 8 


a - 


“se “ee eee ee Oe 


Fig. 1, Method for producing K- 
center in NaCl crystal. 
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high resistance R(~10"%@). For visible régio 


cathode C of iron or platinum. An electric field 
a 6V. 30 watt electric lamp was used for light 


of about 300~400 volt/em was applied between 

' the electrodes. As is well known, when the crystal 

' is held at a temperature above 500°C, brown-red 
F-discoloration results with its maximum absorp- 
tion at 465mz. But it was found when the tem- 
perature was maintained at about 400°C the 
ot Kas? erystal was, instead of F-coloration, discolored 


source. 


+ 
| 
4 
5 
4 


- 


ee 


showing the appearance of pale-yellow. The’ 

_ absorption spectrum of this pale-yellow crystal 
was examined over the whole region of visible 
and ultraviolet. The apparatus used was shown 

: in Fig. 2. The monochromator was of Littrow 


ae ee ee ee 


Bis type with a parabolic mirror. M (10cm diameter 
_ and 100em focal length, aluminum plated) and a 
30° quartz prism P. Light from mercury are was 
_ sent through the first slit S; and monochromatic 
é light from the second slit S, was passed through 
ey e clear crystal and colored crystal placed alterna- 
_ tely in the path of light. ‘The transmitted light 
a | were measured photoelectrically by a Cs photo- Fig. 2. Arrangement for measuring 

cell C)made of quartz and a Dolezaleck quadrant _ absorption. 

Nilo: electrometer Q (sensitivity : 750d/V) connected as — _ The absorption curve is shown in Fig. 3, 
shown in the figure. Xylene was used for the It consists of a principal peak K at 290-~295mu 
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Fig: 8. Absorption coefficient 
A: of crystal containing K-center ; i 


ian me B:. ditto after bleaching. 


e 


Bice of notable properties. 


within the colored _erystal, either by reversing 
the electrodes or by ‘the thermal diffusion. But by 


these processes the crystal is never bleached 


“completely and some very faint yellow color 
‘remains which is considered due to some colloids. 
“The ‘spectrum of the crystal containing this 
colloids is shown in Fig. 3, B. Now the region 
aC of our spectrum may probably be identified 


- with that of colloids. 


‘So, exeluding the portion C the new band K 


has a ‘pell-shape ranging hetween’ 250~330m4, 


with its max. at 295. my. 


s 3." . Propeitics of Crystal Containing ios ‘ 


Centers. 


‘ ‘Crystals soouttininie Sevarice possess a 
Those which have 
been investigated are as follows:— 

a) Transformation of F into K-centers. 


K-centers may also a produced through F- 


“centers in a following way: _ F-centers are pro- 


* duced ina rock-salt at 570°C, which is quenched | 


“quickly below to 400°C to prevent thermal dif- 


- fusion of F_ and production of blue colloids. If | 


at ‘this temperature an electric ‘field is applied 
from. flat ‘electrodes, it will be seen that the 


color ‘of F gradually disappers as a whole, while 


_ K-centers appear as revealed from its absorption- 
"spectra. This process may be interpreted in the 


following way: the electrons partially dissociated 


from EF centers are attracted to some kind of 


“ eenter by the electric field, being trapped there | 
The fact that the K-colora- 


to. forma K-center. 
“tion occurs always at the temperature of about 
400° °C or below, suggests that the density of these 
"receptors is ; comparatively larger at these tem- 
"peratures. , i 

_»b) Transformation of K into Hcbewters!” 

"Thermal: 
_ induced simultaneously by the method of pushing 
electrons in from a pointed cathode, though the 


a concentration of the colloids is very small. If we 


_ interchange the sign of electrode, the cloud’ of F. 
coloring migrates back into the new ESE; Thus” 


lored Rock Salt. 


the: sample 


“ mewhat ‘smooth Tegion o and a i 
bsid ary peak of the F band. “Now it is well fit 
“established that © F-centers can. ‘be annihilated 


’ ing to the appropriate temperatures. 


um intensity near F band. By continued irra 1 


’ thus lost the luminescence was examined (Fig. 


a blue filter transmitting down to 250mu. 


collimator and camera lenses having 60¢ 


length, and 12.5em diameter; a glass pris 


K and F-centers and colloids are: 


containing — ane K-centers (and 


colloids) may be obtained. If this sample i is placed — 


into an electric field from flat electrodes at tem-_ oe 
perature below 500°C, it will be seen that K- ee 
coloration changes into F-coloration. Thus under 


electric field K--F transformation occurs accord- _ 
It will be : 
noted that, in contrast to thew face that, F_ 
“centers diffuse very fast even at 450°C K-centers ee 
are comparatively stable at that temperature. ‘ 


and diffusion occur appreciably only at above | ae 
550°C. eSathay 

Optical: When irradiated es the light ine 
in. the new absorption, it was found that the 
sample containing K-centers emits blue and; 
luminescence bands, the former having its ma 


tion, however, the blue band fades out. The r 
band ig situated in the region coinciding with F 
band. But its intensity is so faint that its. or 
has not conclusively been determined. 

The absorption speetrum of a crystal wh 


The absorption coefficient decreases at the wav 
length of K and increases at F-band, showing 
centers have been transformed optically. in 
centers. This phototransformation. accompanies 
‘the photoelectric ate Ales as will be deser 
below. 

c) The luminescence of K corte: f 

A crystal with K-centers was illuminat 


the light ofa quartz mercury, vapor lamp throug 


luminescence spectrum was photographed b 
large aperture spectrograph provided with ‘bo 


10cm height with the other side of 15cm. 
exposure of 15 min. was given to record. ‘the 
visible band on an “Agta Tsopan’”’ plate. Bt 
for the infra-red band, 3.5h. exposure was. re: 


quired to secure a good impression on-a “Fuji! 


aero infrared’’ plate. The spectrum is reproduced Ks 
in Fig. 5 in which two bands may be seen, one 3 
between 390~500mz with maximum at 445my : * 
the another between 600~ 800m" with maximum 


at 700mz respectively. 
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Fig. 4. Absorption coefficient before (full line) and after 
‘ sot line) illumination: 
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Fig. 5. Luminescence spectra (with 
comparison) showing two maxima 
at 445mz and 700mz. 


Fig. 6. Energy levels. 


There are reasons to attribute the blue band x Pd ade. 
to the emission of F-center. By the K-absorp- So the phototransformation of K into F-center. 
tion an electron may be considered to be raised to was established. 

.. the conduction band as is verified later by its 


The exciting region for the luminescence 
__ photoconduction. If these conduction electrons 


was investigated after the method of Hiiniger 
and Rudolf“. Powdered NaCl with K-centers 
were spread over the glass side of a photographic 
plate P in Fig. 7, the gelatin film of which was 
stained with potassium chromate in order to cut 
below 3500A. . This was held on the focal plane. 
of a quartz spectrograph, through which a light 
from an under water spark S was sent. The 


recombine with a negative ion-vacancy an emis- 
sion of F band will result. The discrepancy 0.12 
- ey. between emission and absorption of F band 


' 
eae x 


“ i may be explained by assuming the transition be- 
ee tween the lowest edge of conduction band and the 

. ground F state (Fig. 6). As is already mention- 
x ed, with continued illumination the power of 


Bit emitting luminescence decays and the erystal light having the wave length effective to excite 


shows reddish brown coloration. This fact in- the powder crystal was impressed. on the photo-— 


graphic film in contact with eevee for a 30° 
min. exposure, 


dicates that the illumination reduces absorption 
at K and enhances at F as is seen in Fig. 4. 


Arrangement for "studying 
exciting spectrum for 
luminescence. 


Fig. 1 


ie ee 
ei Thus HS was s found that. exciting wave- jenvihs 
je within the range between 270~310mz with 
maximum at 290~ 295m coinciding eeacHy with 
the ‘K-absorption. Sar 

etd): Photoconduetion by Keetiicrs: 


» As” ‘is. already stated, the luminescence by 
‘K-absorption is accompanied with photocondue- 


mechanism. of phototransformation of K into F 
enter. 
te: 


an arrangement sketched fi Fig. 8. A piece of 
sample Cc with 3mm. thickness was held between 


Photoconduetivity was investigated by 


ef - 
Sz 
g _ fo a; 


. vies 8. a Pkpbanetaeut for studying 

i - photo-conduction. as Het ae 
Athe. Bectrodés’ £E and EK ‘supported on a metal 
lock M anda quartz tube Q respectively. Cryst- 
‘surfaces facing electrodes were painted by 


ssecure: contact. The leading wire ‘to an electro- 


meter D was insulated by a quartz tubing Q j 
from ‘the support M. es potential difference of © 


'00. v. eee from the battery B. - Whole 


Ee. at the temperature 38°C in. order to keep 
$ rystal ‘surface dry. The crystal ‘was illu- 


minated, ‘through a slit S transversally to the 
field. For the light source, a hydrogen discharge 


tube running at 2500 v. and 2~3 amp.. was used. 


Its -energy-distribution : measured by a Moll-ther- 
mopile i is shown in Fig. 9. The sample was slided 


| along the focal. plane of a ‘quartz-spectrograph 


of fl. 5 aperture to. illuminate with each mono- 


chromatic light. 


tion, which has a very important meaning in the — 


‘Aquadag” and pressed on ‘sheets of Pb-foil F to 


vas enclosed ‘in a metal case and was 


Telative intensity 


was Pa from Wt to TV 4s: 
an additional photo-current 7 flowed to the € 
-rometer and charged it to the same potential 
ference mee in the time Anterval $. 


tion may be deduced, 


- hence the photocurrent is” obtained by 
a 
By this formula i (in arbitrary unit) is caleulate 
- for every wavelength as shown in second colu 
of Table ae 
distribution of light source are shown in 


fourth column. 
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Fig. 9. - Energy distribution of 
‘hydrogen continuum. 


"When a field was anes ay ehout i a 
With’ illuminat 
oe 
Cx(Vi-— Vo) = toto: 

Cx(Vi-—V)) = tot. 


es Attoatyieg ha 8 2 se ae 


Values corrected for equal eners 


Table 1. 


. Measured Energy of Corrected 
Wave-length | photo-cur- light source | value of 
; (m#) rent in arbi-| (relative _ photo~ 
trary unit. value) | current _ 
350 5.2 1:0 5 
330 4.5 0.98 
310 5.5 0.94 
302 5.7 Salt Fohs sine 
2977: 5.5 0.89 
289 6.0 0.85 | 
280 6.1 0.85 | 
274 5.1 0.82 
265 4.2 0.78 | 
253 3.9 OTe} 
245 aR 0.65 | 


The spectral photoconductivity curve is shown — 


in Fig. 10 which shows its maximum coinciding 
with that of K-absorption. 
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Fig. 10. Spectral sensitivity curve for 
photoconduction. 


It is safely concluded that in consequence of 
K-absorption an. electron is ionized into” the 


 eonduction band, and luminesecence occurs by 
- transition into F ground-level. 


Bey . §4. Nature of K-centers. 


‘We are now in a position to consider the 

nature of K-centers in NaCl. We’have the follow- 
_ Ing evidence showing similarity between the F 
and K centers: 
Ri: O 1) K isa Sort of trapping center of electrons 
ht which can be liberated thermally as well as 
optically. 2) K can be transformed into F. 8) 
F can be transformed into K. All these facts 
vs suggest that the K-center is some composite, 
> one constituent of which is attributed to F 
-center.. Then the most - straightforward model 
‘to be assumed for K-center may be the two 
2 negative ion-vacancies bonded by a:single electron 
_, at the present stage of investigation, though such 
“> model has been already considered by F. Seitz@” 
ten for Molnar’s R-centers. 
aye follows : 


The reasoning is as 
The positive and negative ion vacancies (V+ 
: to each other to form a pair of adjacent lattice 


_. vacancies (V+-V—). It was shown from a simple 
_ ealeulation, the defect in alkali-halide is almost 


of this type. As the activation energy for migra- 
tion of the pair was calculate by Dienes®® as 
 0.375ev. in KCl, we may expect the high possibili- 
ay ' ty of migration of these pairs even at room tem- 


_ peratures. 


‘will. correspond to K-absorption, if we identify _ 


and V— resp.) in the crystal lattice will attract 


vacancy thus produced will radiate luminescence. 


a, \e ) i , ; a ~~ Men Sia ath Sind ieee iY 


It is very plausible that two ni 
will attract to each other and to form a quartet. 
We may rather expect that abundant quartets 
are present especially in crystals long preserved 
at room temperatures. Among possible reactions: 
occuring between quartet and electron, one may 
be . : 

(ViV_),+e>(V_-ViV_e)+V 
and at sufficient high temperature 


(VV; V_)—(V_V_e)+Vi 


thus a (V_V_e) center will be formed. . 


Since in this model an electron revolves about 
in an axial field, its electronic orbits will cor= 
respond to those of two-center-system of samé, 
nuclear charges, the deepest being 1se or a, (1s). 
The whole potential curves of the re V-e)-center, 
in the various electronic states as function oft 
vacancy-separation could be obtained, if; the) 
potential energy due to the all ions around the’ 
center be.added to its pure electronic energy. 
Although the latter may be correlated to pure) 
electronie energies of H;*+ molecule based oo 
quantum mechanical calculation of Burrau and 
Hylleraas®) and Teller), the former is no 
simple and. consisted of various components, but © 
it is easily seen that the overlapping energy be-- 
come predominant already at large Re 
(about 5A for NaCl). As the consequence, the 
resultant curves may have the appearance a ) 
shown in Fig. 11. The ground 1se ‘se and 2pe"S}+ 
states do not separate so much, that transition. 
between them correspond only to infra-red or ther- 
mal energy. Then transition to next excited states. 


the model of K-center with (V_V_e). Then by 
the absorption of K band the 1ss, electron jump: 
to higher levels, from which it will be thermally 
detached into conduction band. By this act one- 
photoelectron and two negative ion-vacancies are 
formed ,which migrate within crystal separately. 
The recombination of the electron - with the: 


(phototransformation). 


The authors are indebted to National Research. 
Council of Education adie: for nuance aid. 
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WZ yur Fines 2)+F 
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: “Curves aoe potential energy ° vs. two ) negative 
-jion’ ‘pebaration (schematic) 
rR oy ae st se 
«7 ie a Seitz: loc. cit. 
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studied in details for scientific ano ‘praetical pu 


5 poses. 


tube for measuring the 
“secondary emission from 
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§ 2. Apparatus. 
The experimental tube and circuit are sche- 


matically shown in Fig. 1.. An electron gun 


system K, C, P,, and P, was similar to that of’ 


Fig. 1) The ‘experimental tube for measuring 
the secondary emission from thoria. 


- the cathode ray tube except the cathode K having 


been coated with thoria. Both the electron gun 
‘system and the collector C were made of nickel. 
M and A were a mica shield and the aquadag 
film respectively to prevent stray electrons from 
entering into the collector. 
tantalum ribbon of 0.05 mm. thickness, the front 
of which was coated by an uniform thoria layer 
of several microns and it eould be heated directly. 
: ~The tube of this 
construction was 
used only for studing 
ve the secondary emis- 
sion from thoria. 

In the tube used 
for measuring the 


. Fig. 2. The expetimetal 
secondary emission 
from thin film of eva- 
porated substances, 
the target was a pure 


tantalum without any coating and two auxiliary 


thin film deposited by eva- 
poration. 


_ thoria coated filaments, served as the sources of 
- evaporation, were mounted between the collector 
and the target as in Fig. 2. 


Every tube as evacuated on the three stage 


oil diffusion pump and sealed off after sufficient 
‘degassing of glass and all metal parts, activating 


the cathode and flashing barium in the getter 
chamber. 

The temperature of the target was determined 
by a micro-optical pyrometer. As for the spectral 


_ emissivity for tantalum, Worthing’s® data were 


~The target T was a > 


. The lower value of 6 at primary current less 


available. 


§ 3. Preliminary Experiments. £ 


The blue fluorescence of considerable inten- 
sity, radiated from thoria excited by electron 
impact, gives a convenient means for focussing 
of the eleetron beam. By suitable adjustment. 
of voltages on G, Pi, and P,, the electron beam” 
of about 1 mm? area was obtained over the primary 
electron energy from 500 to 2,500 V without: 
changing the relative ratio of voltages on these 
electrodes. The dependency of the sehondar yg 
current i, and the TteRORES ds—tg (ty? 
current) upon the collector voltage were snail 
at first. For measuring the secondary current 
in the tube 2, F was connected toG. The reaulia 


The variation of “5 with 


primary 


are shown in. Fig. 3. 
respect to the collector voltage for the thoriag 
coated cathode is almost similar to that of pure” 
tantalum, indicating that the charging-up of the 


thoria surface may well be neglected. 


- pee ee eee CO a mt Spe Ne am 5 eet Ean 


Fig. 3.. The dependency of.7; upon the 
collector voltage. 


Next the secondary yield 8 is reproduced in 
Fig. 4 with abscissa being the primary current. 
All tubes have almost similar characteristics. 


§ 10 20 


Ss 
Primary current in ra. 


Fig. 4. The secondary yield versus the - 


primary current. 


ie out ar tha: primary current larger than 
“40° aA. The obtained 6 differs from tube to aie 
ly. Ny 2 % at most. 


the Thoria Coated Cathode. © 


~The dependency of the secondary yield from 
the thoria coated. cathode of two different activities 


upon the primary voltage are plotted in Fig. 7 
(2) and (8). 
of the cathode was more than 3.0e.v., while in 


In the case of (2) the work function 


@) it was 2.2 e.v. In every cases 6 has a broad 
‘maximum at about 1,000V and dmax is 1.20 for 
the former cathode while it is 1.35 for the latter, 
‘showing that t) depends. slightly upon the activity 


of the cathode. - During the electron impact of 


‘the current 50 LA.,, for about 30 mins., 6 increased. 
by several percent, probably because the bombard- 


-ment™ causes the dissociation of thoria- —at the 


“cathode surface, which is identical te the activa-_ 


; tion of the cathode. 


+ 


The secondary yield fhomn the hot cnr were. 


. ‘shown in Fig. 5. In this case both the thermionic 
and secondary currents were measured, and before 
and after such measurements, only the thermionic 


‘currents were detected. : The difference of the 


‘collector currents in both procedures gives the 
| ‘Secondary — current. ‘The secondary yield thus 
| calculated seems to increase only very slightly at 


the higher temperature. Above 1,800°K, however, 


the thermionic current, became so predominant 


. that the secondary current might not be observed 


exactly. The sum of the thermionic and secondary 


‘currents also increased gradually during the me- 
asurement and at the same time the thermionic 


current observed soon after having” cut off the 


‘primary current was always larger than that- 


observed before. the “bombardment. © Moreover 


both quantities became larger at the larger pri-- 


‘mary current. The increase of. the total currents 
during the electron impact is almost equal to the 
difference of the: thermionic currents, measured 
before and soon after the electron impact, sug- 
gesting that the increase in the total current is 
mainly due to the enhancement of the thermionic 


~ but the dissociation of thoria. 


§ 4, Scsiecy Electron Emission from 


a en 3 


eee These phenomena are not caused Be eck 


‘the temperature rise of the target due to the 


electron impact or the charging- “up of the surface, 


the amount of thorium lost by the domi tion 


re ke - 


with oxygen.. The solution of (1) is 


oe al -¢s 


t= respectively, and C, is expressed by 


Ce = ko exp(— no 


p is the oxygen pressure and Q is the activation iS 
energy of recombination. For the cathode of rs 
insufficient activity, the following emission for- 


mula holds’ 


+ 


116 


i = DAT*n, exp{ +5 (E+V)} Sie td) 


as described in the previous paper (5). Thus ” 
in (2) may well be substituted by the emission 
current 7. and (2) becomes — \ 


log (==) = Cin exp(—)t (5) 


in comparatively good agreement with the ex-, 
perimental results. The evaluated value of Q is 
‘1.4 e.v., almost the same order as estimated in 
the previous paper®. 
The thermionic emission currents obtained 
soon after cutting off the primary current are 
plotted in Fig. 6. The work function of the, - 


6 : JT *10 


—* 


ay 
Fig. 6. The work function of thoria be- 
fore and after the electron impact. 


a i cathode exposed to the electron beam decreased 
; fe from 2.7e.v. to about 2.0e.v. From the previous 
‘i results the pressure of the present tube is esti- 


mated 3x10-7mm. Hg. 


§ 5. Secondary Electron Emission from 
Thin Film Deposited by Evaporation. 
The curve A in Fig. 7 and 8 are secondary 


4 fs yield for pure tantalum.. When the auxiliary 
- thoria coated filaments are heated at 1,960°K in 


4 


Tetsuya ARizuMI and Leona EsakI. 


the pressure of 10-!~10-2mm. Hg the curve - 
was obtained. Heating the filaments in hig’ 
vacuum for several mins. successively, the second= 
ary curve changed from A to H gradually. ‘Dif 
fering from the thoria coated cathode the second-. 
ary emission from the deposited thin layer has. 
a maximum at a much smaller primary voltage. 
E.A. Coomes® has carried out similar experi-— 


Tantalum. 
lamin, 
Imin, 

a nie 
3Bmins, 
3 mins, 
3 mins, 
Jomens, 
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Fig. ee The secondary emission from 
thoria and thin evaporated thin 
film of thoria. 


ments on the thoriated tungsten. In his on 
the thoriated tungsten was used as the auxiliary 
filament instead of thoria coated one in our tube — 
and tugsten as the target instead of tantalum. | 
He has measured the covering factor @ of the | 
target by the thermionic experiments. His three 4 
curves reprinted in Fig. 7 correspond to the target . 
of 6 = 0.68, 0.94 and more than 1’ respectively. | 
Our curve H almost coincides with Coomes’ curves, 


A 


4 + Soa ataaee 
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at substances evaporated from the thoria coated 
-eathode at 1960°K | are not only thorium but also 
thoria itself. These two kinds of evaporated sub- 
stances are supposed to form the patchy structure 


on tantalum. 


Assuming that the contaminated 
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‘Fig. 8. The. eb ondwee ecission from the 
contaminated tantalum. 


Beslan fae a. faaitel same secondary yield as 
the contaminated tungsten: jover whole primary 
voltages, the covering fraction of thoria can be 
calculated from the difference of yields in our 
experiments and Coomes’ results. The covering 
fraction of. ¢honid thus evaluated i is 0. 3, indicating 
that about 3024 of total evaporated substances 
is thoria. aD 


ler than Commes? daeee This seems to suggest ! successively, the secondary yield curve changed 


target at 900°K for 1min., the, secondary yield 
: increased slightly over whole primary voltages 


voltages did not increase, but that at 500 V de- 
- creased. Heating at 1 850° and 1,450°K for 2 mins. 


the higher voltages did not change so much, but 
that at 500 V decreased. The heating at high 


_was heated at 2,500°K for 20 mins finally, 


pure tantalum. | es 


- resulting in the increase of the covering fractic 


voltages larger ‘than 1,000 V, increase. 


G are supposed to be caused by the increas 


_ into thoria the yield at 500 V begins to decrédae 


" _ Heating the contaminated tantalum of the 


state Heat higher temperature for several mins, eee 


from A to M in Fig. 8. The yield was measured 
at the cold state in all cases. The curve H in 


Fig. 7, is the curve A in Fig. 8. Heating the- 


but after further heating for 4mins. the yield 
at primary voltage 500V decreased, while the 
yield at larger fees 1,000 V increased apparently. 
At 1,159° and 1,250°K the yield at the higher | 


strange yield curves of two maxima obtained suel 
as F and G. At 1,450° and 1,550°K the yield at 


temperatures lowered down the whole curve. with 
When the target 


ns 


out the change in its shape. 
curve reached to N, quite ential to that: 
When the target is heated at high temp 


ature, contaminated, thorium converts into et 
by the recombination with the residual oxygen, 


of thoria, which, makes the yield at the prima 


In ey er} 
cases “the yield curves are the sum of the yiel 
of thorium and that of thoria. Thus the increas 
of the yield at 500 V shown in two curves F cage : 


Pace 


the yield in thoria. As whole thorium conve 


yield seen in curves K, L and M. 


§6. Summary. 
The results are summarized as followed: sa 
(1) The secondary yield of the thoria coated 
cathode is comparatively small and it does not — 
inerease almost at higher temperatures. At the 
primary electron voltage of about 1,000'V 6 be- — 


@ ‘The thermionic emission of the thoria 


ases by the electron ‘impact due to the dis- 


ois ented cathode, the hide at 500 V de- 
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‘ ory but there remains some doubt in some 
Saag 
ee 


“82. hse e 
Gr. ® thermionic 


following well xiobr ae a 


deduced respectively. oe 


x 


yn 2a 


is ADT on\— © pio} ee a) 


t 


is. applicable to a well Bolveded cathode at 


higher temperature, while (4) to ‘an insufficiently 
- activated one at lower temperature. 
mentally the thermionic work function of the 


cathode was. found to decrease gradually from 
3 ev. ‘to, 1. Oe.v. as the cathode becomes acti- 
vated®, 


: age hold only for a single crystal. 


Rigorously_ speaking, however, these 


| As the practical cathode i is of course composed 
of ‘ntmerous fine - “crystals probably containing 
different quantity of excess barium, its emission 
current should ‘be represented by © the sum of 


emission of individual crystals. At high tem- 


ante e ad 

‘Theoretical value — 

o oe see 
ae 


: Pn rh exp ae ar m (34) ee @) | 


Experi- - 


conduction electrons become so large that. ‘the 


relation (8). 


Theoretical value 
of Shottky. slope 


: 50 
ibe (b) bs 
Fig, 1.. Schottky curves of the oxide coated 


Powe: (a), activated cathode and 
©) less activated cathode. 


perature, the dite vaone, in. work eae i 


individual crystals may well be neglected, because - 


emission of all crystals. may be expressed. by: the 


At low temperature, however, some 


_erystals of comparatively small quantity of. 


excess barium have larger work function than 
In other words, the cathode becomes tc 


others. 


§3. Exerimental Results and Discus 


‘sion. UE asa ie 


SS 


The experimental tube was a diode of ‘three 


separated anodes, customarily used for the ther 
The diameters of ‘the 
cathode and anode were 1.3mm. and 5 mm. 


mionic - experiments.: 


Rez 


respectively. The conductivity of the cathode 


-. was measured by an imbedded probe as describe se 


in the previous paper. 

The variation of the emission current with 
respect to the applied field strength are shown 
in Fig. 1 (a) and (b), in which (a) is curves for 
the activated cathode, while (b) for the less 


expected from the thoretical calculation. This 
i caused by the surface roughness of the cathode 


is Rose’ a procedure. “Assuming the mosaic 


yore fe 
Pople 
“sg Xen 
s? 


n 6) are same as defined in in Rose's 


he 


he ental distance 4 is, represented by 


Mays OY 
rength respectively. “The eritical distance 


be evaluated from Figs. 2 and 3. Both 8. 
'V are determined by choosing the experi= : 
1 tal eelahions peswegs F and Z to make hey 


|v are Sat 3.10-4em. and 0.2e.v., in the 
re > Aes while they are 1-10-5 ~3.10-3 
in the cathode of low acti- 


Ssiontiile that both the crystal size and ‘ay activated: Bagh de ad. 
Ae ode an 


(b) less activated ORE 


Wisc 
FP \ aaa A’ 
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Fig. 3. The model of the patchy 
structure. 
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Fig. 4. The relation between the field 
strength and the critical distance. 


(%) 


if m) is much larger than m and the term (3/2) 
(kT /e) is neglected. Thus the ratio of conduction 
electrons and that of free barium atoms in a 
well activated crystal to those in a less activated 
one ean be evaluated, as presented in Table 1. 
The results show that the difference in the 
content of free barium atoms becomes smaller as 
the difference in the work functions becomes 
smaller. 

It is added also that the discontinuous point 
in the Richardson line shifts to a higher tem- 
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perature gradually as the activation of the 
cathode. An example is seen in Fig. 2, in which 
the discontinuity in the electrical conductivity 


is found to appear almost at the same tempera- 
ture. 


Table 1. 


a 


AV Maes mo| ne! at high ye ume 
0.2e.v. | 4 64 2.4 
O3ev.| 10 36 6 
O.4ev.| 25. 30 || 7 


l i 


§ 4. Summary. 
The inclination of the Schottky curves are 


At suffici- 
ently high temperature they are parallel each 


larger in the less activation cathode. 


other, but at low temperature they become 
steeper. The Richardson lines are also parallel 
at high temperature independently of the applied 
voltage, but they do not so at low temperature. 
These results can be understood from the patchy 
structure of the cathode. Applying Rose’s theory, 
the average difference of work functions and the 
dimension of a erystal were estimated 0.2~0.4 
e.v. and 10-°~10-!em. respectively. Both quan- 
tities become smaller as the cathode becomes 
activated. Such patchy structure is caused by 
the difference in the content of free barium atoms 
in individual single crystals. 

We wish to acknowledge Mr. L. Esaki and 
all other members in our laboratory for their 


instructive discussions. 
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Effect of Stress on Domain Structure 
of Tungsten Trioxide WO. 


By Ryuzo UrpA and Takeo ICHINOKAWA. 
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It has been recently found that the tungsten 
trioxide Wo, behaves like a ferroelectric and its 
monocrystal obtained from the melt is composed 
of multiple domains which are similar to that 
of BaTiO;.©.@ Optileal and X-ray observation 
performed by us showed that the crystal has a 
pseudo-orthorhombic symmetry; a=7.278A, b= 
7.460A, c=3.838A and 8~90°. The c-axis is per- 
peniicular to the flat plate of the monocrystal 
and the a- (or b-) axis within one domain com- 
ponent nearly perpendicular to the a- (or b-) axis 
in neighbouring components. The twinning oc- 
curs about {110} planes.“ 

We next studied the effect of temperature, 
electric field and the stress upon the domain 
structure of this substance. For BaTiO;, these 
external factors have the large effect on the 
domain pattern below 120° at which temperature 
the multiple domains disappear. For WO, 
however, no distinct effect of temperature and 
the electric field was observed, although the 
pressure externally applied shows a remarkable 
effect upon domain pattern. The process under 
the stress seemed to be irreversible as shown 
in the accompanying photographs. 

Fig. 1 shows the domain structure of WO,, 
which is composed of many parallel stripes mak- 


Fig. 1. A monocrystal of tungsten trioxide. 
The black arrow shows the direction 
of unidirectional pressure externally 
applied. 


ing an angle 45° to the plate edges and some 
wedge shaped domains as seen at the left hand 
corner of the photographs. The black arrow 
indicates the direction of the unidirectional pres- 
sure externally applied. A part bounded by a 
square in Fig. 1 is shown in the following 
enlarged photographs. 

When a unidirectional pressure is applied, 
the domain components somewhat contract and 
twin boundary disappear gradually until the 
faint traces of the domain pattern can not be 
discriminated under the microscope (Fig. 3). 
When the stress is removed, however, the faint 
stripes recover their pattern very slowly, but 
their complete restoration to the original state 
could not be observed even 15 hours after the 
stress was removed (Fig. 4). If the pressure 
was furthermore increased after the twin boundary 
has vanished, the erystal became broken along 
the line parallel to one of the crystal edges. 
Under the external stress, tops of the wedge 
shaped domains recede from original positions 
to some extent and then stop there. 


Fig. 2. A detail of the bounded square part 
of Fig. 1. The original state. 


The state under unidirectional pres- 
sure. The domain boundary has 
nearly vanished. 


: 
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Fig. 4. The state 15 hours after the pres- 
sure was removed. 


X-ray analysis of this substance performed 
_ by us showed that there is no distinct phase 
: ehange from a low symmetry type to a high 
symmetry one between room temperature and 
about 500°C. The dielectric behavior of WO, is 
supposed to be different from that ef BaTiO, in 
its nature. 

The detail of the investigation will be reported 
in near future. 
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Statistical Features in Static Friction. 


By Hideo NaAGAsu. 


(Government Mechanical Laboratory). 
(Received Nov. 14, 1950). 


The fluctuations of the coefficient of static 
friction between two steel blocks were measured 
under the following procedure. 

Two test pieces of steel (25x 25x10 mm!) are 
piled up, each of the contacting surfaces having 
the same roughness, 10S,* finished by grinding. 
They are washed in ether after rinsed in benzol 
and dried up thoroughly. The upper block is 
pulled horizontally, ¢.e. in the direction parallel 
to the contact surface by the force f, where / is 
increased uniformly with time t, or f= ot. When 
the upper block begins to slide at time ¢t, the 


* 10S means, after JES, the maximum height in the 
profil of surface is 4 w—10 p. 


origin of which being taken that the force f 
begins to be applied, the coefficient of static 
friction # is obtained by # = at/L, where L is 
the dead load normal to the contact surface. In 
this experiment L is always kept constant, 5599, 
while « is varied in three ways, 0.99/sec, 1.8g/sec, 
4.89/sec, and the measurements were repeated 
more than 100 times for each value of «. Alth- 
ough the experimental conditions were main- 
tained constant in all efforts, these observed 
values of “ showed noticeable fluctuations in 
wide range. By plotting each observed value of 
# in the order of measurement, it is recognized 
that the mode of these fluctuations are the same 
from the begining till the end of experiment, 
namely, the whole observed values in one series 
of experiment may be looked upon as belonging 
to the same assemblage of some random events. 
Fig. 1 shows the frequency distribution of vu. 


v —°—— a3 > 0.9 &/sec 
FSi SO 18 ABE face 8 


Similar fluctuations have already been 
observed in sparking voltage as well as in 
breaking strength of glass,” and successfully 
analysed by the statistical method. In the present 
case of friction, it seems natural to find the 
origin of the observed fluctuations, not in un- 
avoidable lack of uniformity of experimental 
conditions, but in the stochastic nature of static 
friction itself. 

In the course of experiment described above, 
if W(t) is the probability that sliding. does not 
happen till time t but happens in the next unit 
time interval, and p(t) is the one that sliding 
happens later than t, we get 

W(t) dt = —d {log p(t)). 
p(t) and W(t), thus derived from the experimental 
data, are shown in Fig. 2 and Fig. 3 respectively. 
W(t) increases rapidly with t, nearly satisfying 
the relation, W(t)=A-exp(axt), where A and x 
being constant determined by the nature of con- 
tacting substances and temperature. This rela- 
tion shows close resemblance, at least formal, 
to the case of breaking of glass by uniformly 
increasing stress. Starting from this relation 
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we can calculate the probability that the coef- 
ficient of static friction lies between # and #+d#, 


Fig. 8 


q(#) du = AL/«-exp (aLz) 

x exp[A/aa-{1—exp(aLz)}] du 
which can explain pretty well the experimental 
result of Fig. 1. 

We should, therefore, not expect a definite 
value for coefficient of static friction at any 
given condition, but refer to some statistical 
quantity. For example, let the coefficient of 
static friction with maximum frequency, u,,, be 
such quantity, 

Hm =1/aL - log (a/A - x), 
showing clearly the effect of pulling rate of 
force x. 

Details of experiment on the effect of surface 
roughness, oil film and material of test piece will 
be reported in near future. 

The author expresses his hearty thanks to 
Prof. M. Hirata for his kind advice and encour- 
agement. 
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Thermo-electromotive Force of BaO 
and (Ba-Sr)0 


By Kin-ichi NoGa. 


Matsuda Research Laboratory, 
Tokyo Shibaura Electric Co., Kawasaki. 


(Received November 18, 1959) 


The measurement of a thermo-electromotive 
force (T.E.M.F.) is one of the fundamental 
procedure in experimental study on the semi- 
conductors, however, just a little have been 
reported on the T.E.M.F. in the oxide coated 
cathodes. So the author has carried out follow- 
ing experiments on this subject. 

The construction of experimental vacuum 
tubes is shown in Fig. 1. Im this figure, S; and 
S, are nickel sleeves, between 
which a layer of (Ba-Sr) CO, 
about 0.2mm in thickness is 
held. S, is pressed to S; with 
the tungsten spring P, to 
prevent’ S;, (Ba-Sr)O and S, 
from the loose contact due 
to shrinkage in volume when 
(Ba-Sr) CO, is converted to 
(Ba-Sr)O. (Ji, J.) and (J/1, J’.) 
are Pt-PtRh thermo-junctions 
of diameter of 0.03mm welded 
on the nickel sleeves. (Li, L,) 
and (L’;,L’,) are leads of dia- 
meter of 0.5mm made of the 
same materials as those used 
for the Pt-PtRh thermo-junc- 
tions. Thus there is no origin 


of misleading T.E.M.F. caused UL, Hae 
* 

by the contact of different 

metals in the junction circuits. Fig. 1 


G is barium getter. 

Keeping S; at a constant temperature and 
varying the temperature of S,, the T.E.M.F. a9 
for any temperature difference AT is obtained. 
40 is measured by means of zero method and 
4T is measured with two thermo-junctions (Jj, Jo) 
and (J’1, J’). The relation between a7 and a® 
is linear over the wide range from 0°.to 50° C. _ 
From the gradients of these straight lines, d0 /aT 
can be obtained. The temperature dependency 
of d0/dT is shown in Fig. 2. These curves 
correspond to several different activated stages 


() Sailiad Sate 
(2) 1250°K 10 miler, faating 


@ «4 tS avin, ye 


» Fig. 2 


e designated in this figure. In three experimental 
_ tubes with (Ba-Sr)0 and two tubes with BaO, T. 
_ E.M.F’s have large values from 1.8 to 2.8 ™V/aeg 
in the temperature range from 750° to 1200°K. 
The chemical potential ¢’s, evaluated from the 
following equation 
dQ 
BD eT 
é have also unexpectedly large values of 1.8—2.6 
e.v for our experimental values of d0/dT. Using 
the next, relation = 
HE kT h 


2 85m Tne ? 


the atomic concentrations n’s of impurity centers _ 


~ are estimated from our experimental data at 


various temperature. These values were always 


_ lower than 10"! per em*. The activation energies 


hee 
same time were about 0.4+0.6 e.v in the same 
temperature range. The above-mentioned values 
of concentrations of impurity centers are too 
small to be explained by the usual Wilson model 
with single impurity level proposed by Nishibori 
and Kawamura... The relation between the 
- magnitude of T.E.M.F and the activity is re- 
mained unresolved.. ~ os 


z of thier conductivities oe 2g measured at the 


s 


Generally, the sign of T.E.M:F showed the N 


type semi-conductor for (Ba-Sr)O. But P type 
appeared for the very poor activated state. 
Unfortunately, the quantitative results could not 
be obtained since-it’s conductivity was very low. 
Further, the additive term in T.E.M.F.. pro- 
posed by J. Yamashita® has the value of 0.25 


_ ™V/geg in these temperature rage, provided that © 


. in this erystal. _ 
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the Debye temperature is 820°K. Debye tem- 
perature of BaO is estimated from the zero-point 
energy described in the work of Mayer and 
MeMaltbie.® This additive term does not affect 
the general tendency in our case. 

It is also impossible to explain the above- 
mentioned results and another model would there- 
fore be required. But the data of T.E.M.F. are 
usually insufficient to-offer us the exact-informa- 
tion for the electronic state of the crystal. Hence, 
the author is intending to undertake the experi- 
ments on the Hall effect and optical properties 
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Notes on the Thermoelectric 
Properties of Bismuth. 


By Takao SATO. 


Institute of Applied Science, Faculty of ~ : 


Engineering, University of Kyushu. 
(Received July 1, 1950). 


The value of the thermoelectric. power is ob- a 
tained from the thermoelectromotive force me- ? 
asured on a sample which is given a small tem- -_ 
The | 
_ thermoelectric power is calculated by dividing the — 
thermoelectromotive force with the temperature | 
difference. In this case the thermoelectromotive — 
force is assumed to be proportional to the tem- — 
perature difference between the two ends. This 
assumption may of course be correct for simple | 


perature difference between its two ends. 


metals and alloys, but it seems worth while to — 


test its validity for substances such as bismuth, G 
having a semi-metallic property and a very com- — 


plex electronic structure. 
We measured the thermoelectromotive force 


of pure bismuth (Kahlbaum) and a bismuth alloy 


containing 0.2 atomic percent tin for varied tem- 


perature difference. The specimens are of a 
cylindrical form of about 5mm in diameter and 
about 50mm in length. 


the thermoelectromotive force is measured by a 
potentiometer. The temperature difference is 


The two ends of the — 
sample are coupled with pure platinum wire, and 


couple which is calibrated beforehand by a mercury 
» Bi . fa 

_ thermometer carefully. 

_In order to know the electronic structure of 


oitieties of their electrical resistances. The 
sults are shown in Fig. 1. 
ient of the pure bismuth is positive, but 


eral semi-conductors. The thermoelectromotive 
ce of these specimens was measured. for various 


sample rod at constant temperatures 16°C 
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_-*Fig. 2. The thermoelectric power xs. 
temperature difference curve of 
pure bismuth at the constant 
' temperatures 16°C (room tempera- 
. ture), 110°C and 217°C. 


The temperature f 


erature differences by keeping the one end Gt pet the thermoelectric power is similar for 16°C, 


ath. Fig. 3. The thermidleslrie® power vs. 


the eamocioce ts pe 


i a hey bismuth and ¢ ab 


these data we eAlenlatare heyinasloctest power : 
various temperature differences. We show it. in 
: Figs. 2and 3 for the pure bismuth and the bismu h 
alloy, respectively. In the case of the pure bismuth, 
for 16°C and 110°C, the thermoelectric power has — 
a sharp maximum at a. temperature difference of 
about 0.5-0.8°C and is ‘nearly constant beyond. ; 
abont 3°C. For 217°C, the thermoelectric power | 
first increases with the temperature difference © 
and becomes nearly constant beyond ‘about 22°C. 8 
In the case of the bismuth alloy, the variation | 4 


110° and 217°C, that is, ‘the thermoelectric power 
increases rapidly with the temperature difference 
and then becomes constant beyond about: 2°C. - 


hermes leet ric Power 
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temperature difference curve of 
the ‘Ai-Sn- “alloy at the constant 

temperature 16°C. (room tempera- 
oe nek [om end 217°C. 


‘- 


temperature difference, 
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Fig. 4, The tgermoelectric pawar vs. 
temperature curve of the pure 
bismuth and the aa alloy. Shae 


ere is a ” temperature - region of the negative 
emperature coefficient of the electrical resistance. 


for pure bismuth, the temperature dependency — 


f the thermoelectric power differs from the result 
ybtained by Borelius and Lindth® which is showing 
10 maximum in the low temperature region as 
prrrved in our case. 


From the above results, we found that the 


eae power of bismuth depends on the 
emperature difference, though the reason for it 
s not clear at present. Further studies. are 
lecessary in order to reach a definite conclusion. 
_ The writer is indebted to Prof. A. Okazaki 
or his valuable discussions and to Prof. K. Omori 
or his kind enéouragement and continued interest. 
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A New Apparkts for Electric Arc. 
. Weldings. 


By Tasaburd YAMAGUTI and Minoru NisHno: 


Department of Physics,. Faculty of Tieratiore: 
and Science, Ibaraki University. 


, j 5 ; (Received December 16, 1950) 


F Electric’ are weldings of thin. plates by . 


ternating currents are known. to be difficult, 
though some apparatuses, ‘working with super- 
sition of high frequency electric oscillations 
hich stabilize. the electric arcs, are invented. 
fith use of our new apparatus to be described 
yelow, however, iron plates thicker than about 
5mm can be. easily welded even by a non- 
yrofessional in weldin works. Moreover, warp- 
ngs of the ‘plates welded are slighter and the 
rai of the welding is quicker than by the gas 
Biting. (306. 


a A; is the mother plates to be welded 
ormer, and the terminals of the secondary of it 
re connected with a spark gap Sand high tension 
ondensers, C, and C,, both of which have capa- 
a of about 1000 p.F. The primary of the 


alternating currént power of 100 volts, 50 eye 
ith insertion of a switch B. 

The switch B being on, the currents. of high 
uency oscillations flow through a closed 


Baie. yl shane the Slecitic circuit. ‘of the. 


nd A, is the welding rod. Tis a neon-trans-— 


eon-transformer is connected’ with the source E . 
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circuit CiSA:A,0,0; (circuit 1),-and at the same 
time due to the low voltage electric power, 
electric arcs start between the plates and the 
rod, both separated from each other.- Maximum 
distances for the start of the ares are about 4 
mm to 7mm for 6kv to 15kv of the secondary 
voltages of the. neon-transformer to be used. 
The indactance L of about 30 “H is inserted in he 
a circuit 2, as shown in the figure 43 to prevent — My 
the high frequency current flowing through this 
circuit, and the resistance R to regulate the are ; 
currents. C; is a condenser of 2uF and 300 volts _ 
proof. 4 iat 


Fig. 1. 


By using this apparatus, most suitable values — 
of are currents and diameters of the rods which ~ 
weld iron plates of some thickness finely are 
determined experimentally. Results are shown 
in Fig. 2 taking the welding currents to the 


“(mm) 
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abscissa and the diameters of the rods of titanian 
type to the ordinate, and representing the values. ' 
for fine weldings with coordinate points of white. 
marks and others with black ones. The marks of 
different forms correspond to different thickness 
of the Disise We can see that the dotted lines, 


(1) Relations among the maximum distances. and cons- 
tants of elements of the high frequency oscillations are 
experimentally determined, and will be reported in Jour. 
App. Phys. Japan, 1951. 


which express the most suitable current-diameter 
curve for each thickness, are nearly parallel, 
and can also see that the white marks are dis- 
tributed between two curves represented by full 
‘lines. Thus, we can choose from this figure both 
an are current and a rod which are most suitable 
- for welding the plates of a given thickness. 
To diminish the disturbances for the radio, 
; all parts of the apparatus except the plate, the 


si them; are shielded electrically. With such shield- 
ings the high frequency oscillations scarcely 
‘affect a radio placed in a distance more than 
_ about 50 meters from the apparatus, if the power 
x for the radio and for the apparatus are e not taken 
_ from the same transformer. 

At. the end, authors’ thanks are due to Dr. H. 
Ogawa of the Hitachi Laboratory, who kindly 


in BaTiO, Ceramics. 
Gen SHIRANE and Akitsu. TAKEDA. 


Tokyo Institute of Toohmblany, Oh-okayama, 
— Meguroku, Tokyo.  ~ 


(Received December 20, 1950) 


been measured at temperatures from. —170° 
00° C. The specimen was prepared from pure 


ering at about 1400°C after the first calcina- 
. Dielectric donstant of this specimen shows 
2e perks at —77°, 16° and 125° C, correspond- 


0 “0 Q 0 100 - el 
Temperature (°C) 


Fig. 1. Dielectric constant of BaTiO, 
at rising temperature (1 MC/sec). 


The dilatometric test sample has a cylindrieal 
form, 3¢m in length and 4mm in diameter. 


rod and a part of the circuits connected with | 


the linear part of each phase: 


Re Strick} Phekiwal expansion of BaTiO, ceramics In addition, linear thermal expansion coefficient 


5 (99 .22%) and BaCO, (99.624) by a process of © 


‘the results of X-ray analysis of single crystal’ b 4 


the discrepancies may be due to the differer 


large by means of an optical lever. ' Measuring 
limit of this apparatus is 41/1 =8x10-°. Fig. 2 
shows the heating curve of J—l)/l, where l 
represents the length at 0°C. Linear therma 
expansion coefficient 8 is plotted in the same 
figure. Cooling curve shows the same il 
teristic except a ‘small hysteresis at the transi- 
tions. - 


A One 


m9) 


“Veend Expendon 


Fig. 2. Thermal expansion of BaTiO, ceramics 
8 is linear thermal expansion coefficient. 


/ “The changes of unit cell volume at the thr e 
transitions are estimated by extrapolation from 


+0.008A% at —T77°C, 
_ =0.0154% at 16°C, 
~ —0.070A% at 125°C. 


of this specimen is estimated Sey, each phase as 
follows : PAG OTE ieee 2" Unite oe 


B.2x 10-8/°C: pet Se = °C (Trigonal, phas e) q 
4.6x10-8/°C; —T7°~16°C  - 
, (Orthorhombie pha 
6.5 x 10-§/°C: 16°~125°C (Tetragonal pha: 
‘9. 8x 10-%/ °C: above 125°C (Cubic. phase). — 
‘This result shows qualitative agreement 
the former dilatometric measurements®®, » 
there are some differences between our data 
Kay and Vousden® and by Rhodes®. Some | of 
between the lattice change of a single ory 
and the macroscopic change. of ceramics. 4 
Thermal expansion of (Ba 75-Sr 25) TiO; show 
‘the same tendency, the volume changes a 
+0.006A* (at —86°C), —0.011 A? (at —86°C) and 
—0.027A* (at 34°C). On the other*hand, the situa- 
tion is slightly different for (Ba95-Pb5) TiO,, 
the volume changes being +0.006A4° (at —96°O), 
+0. 007 A® (at —14°C), and —0.040A% (at 143°C). 
We wish to express our sincere thanks | 
Professor Y. Takagi for his kind guidance and 
also to Mr. C. Kanzaki for giving us pure 
ingredients. ; 
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Existence of the Superlattice CuAu;. 


By Makoto HIRABAYASHI. 


Tokyo Institute of Technology, 
Oh-okayama, Tokyo. 
(Read November 5, 1950. Received 
December 27, 1950) 


One of the best known order-disorder trans- 
formations in binary alloys is that of the Au-Cu 
system. The alloys of this system form an 
isomorphous series of solid solutions and crystallize 
upon a face-centered (cubic) lattice. According 
to theories there should be three superlattices at 
Cu;Au, CuAu and CuAu;. The results obtained 
at the first two compositions well conform to 
theoretical prediction, as has been shown by the 
X-ray investigations“) and the measurements of 
specific heat®. But at the third composition, 
only inconclusive evidence of a superstructure 
CuAu; has been obtained, though Johansson and 
Linde“ noticed the presence of very weak super- 
lattice lines in their X-ray diffraction photo- 
graphs. Now in order to ascertain the existence 
of this superstructure CuAu;, we measured at 
elevated temperatures the specific heat of an 
alloy containing 74 atomic % Au and performed 
at the same time the intensity measurements of 
X-ray diffraction patterns. 

Fig. 1 gives the specific heat-temperature 
curves measured at a heating rate of about 
2°C/min. The method used is a modification of 
the Sykes’ one as already reported by NAGASAKI 

and TAKAGI®. Curve A is obtained with the 
alloy quenched from 600°C into water. It shows 
at first a little heat evolution and then a little 
heat absorption. Curve B which refers to the 
specimen previously annealed at 200°C for 20 days 
and then slowly cooled to room temperature in 7 
days, shows clearly an anomaly of j-type peak 
at 243°C. The amount of energy 4H absorbed 
between 130°C and 270°C is calculated from this 
curve to be about 270cal/mol. By further 


Temperature ——<~P. 


Fig. 1. Specific heat-temperature curves 
for a Cu-Au alloy of 74 atomic % 
Au. 


investigations it was found that the amount of 
transition energy is kept nearly constant for 
various periods of annealing provided it is longer 
than 80 days. The experimental value of RT,/4E is 
2.6, where R is the gas constant and 7’, the critical 
temperature. Generally speaking this value is 
very reasonable for the order-disorder transfor- 
mation. The specimen treated in the above 
mentioned manner may thus be regarded as being 
almost in thermal equilibrium, or well ordered 
state. 

We took several X-ray back reflection photo- 
graphs of a polycrystalline specimen after anneal- 
ing at 200°C for 1 month, using Cu-Kz radiation. 
An example of microphotometer traces of 
patterns reproduced in Fig. 2 shows the existence 
of superstructure lines such as (210), (211), (800) 
and so on. In order to get an evidence as to 
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Fig. 2. Microphotometer trace of pattern 
for the well ordered alloy. 


whether or not the order is perfect, we compared 
the relative intensities of normal and _ super- 
structure lines observed with those calculated 
for the perfect order. Both values agree within 
experimental errors. It may be concluded, there- 
fore, that the alloy after the above mentioned 
treatment is almost perfectly ordered. 


We measured the electrical resistivity of the 
well ordered alloy on reheating, and found that 
the transformation from an ordered state to a 
disordered state is accompanied by a decrease of 
resistivity. This rather queer behaviour was 
also reported by earlier investigators. Indeed 
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this decrease seems to be inconsistent with the 
usual concept of order-disorder transformation, 
but the present author believes that it would 
probably be explained by the lattice distortions 
which can at times be accumuleted in highly 
ordered state owing to the inequality of the 
atomic radii between Au and Cu. The more 
detailed results will shortly be published in the 
Journal of the Japan Institute of Metals. 

In conclusion, the author wishes to express 
his sincere thanks to Professor Y. TAKAGI and 
Mr. S. NAGASAKI for their valuable suggestions 
and continued interest in the course of this 


work. 
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Hantaro NAGAOKA 
(1865-1950) 


i Obienary Notice of Professor Hantaro NAGAOKA | 


ral is with profound grief a we tesord here the passing of one of the 
honorary members of the Society. Professor Hantaro Nagaoka, on Dec. 10th, 
1950 at the age of 85. 

Born on Aug. 18th, 1865, Professor Nagaoka graduated the course of 
physics in the College of Science of the Tokyo Imperial University in 1887. 
Getting his Doctor’s degree in 1893, he went to Germany for three years’ study. 
On returning home in 1896, he was appointed to professor of physics in the 
Same university, which position he held until 1926, up to the time of his 
retirement. He was elected a member of. Imperial Academy in 1905. 

-For a period extending over twenty years, namely from 1926 to 1945, he 
continued his research work at the Institute of Physical & Chemical Research 
in Tokyo (now Scientific Research Institute). It is tobe mentioned that Prof. 
Nagaoka has been occupying ‘a most important place in this Institute from 
the very beginning of its establishment in 1917... 

Even after he left the Institute in’ 1945, he Gatpicd on his research work 
dealing with geophysical problems at home for five years up to 1950, ieee 
‘until just one hour before the end of his life. 

The scope of his research works was extremely wide “and extensive! In: 
its earlier stage, a great deal of. work was done on geophysics with Prof. A. 
_Tanakadate, followed by those on magnetism and magnetostriction with Prof. 
K. Honda, ‘both with considerable achievement. In its middle stage, his a 
interest was, turned to spectroscopy. His extensive contributions in this 
domain are notable, especially those on hyperfine structure and the Zeeman 
effect on various spectrum lines. Those and many other spectroscopic studies _ 
constituted in fact the main part of his work from 1900 to 1945. 

Outstanding among - his numerous. works, amounting over 300, is his ; 
memorable paper concerning the atomic model which was read in 1903. The | 
importance of this work immediately- -aroused the world- wide interest and — 


recognition. Whereas it is true that many alterations were necessitated by ~ ; 
later findings, the fact that an idea of this uniqueness had been introduced. — 


by Prof: Nagaoka prior to the celebrated work by. Bohr in 1913, is no doubt 
of considerable significance and’ ‘worthy of mention. 

att is to be remembered that Prof. Nagaoka has always been taking great: 
pains in instructing and giving guidance to the younger physicists. who came 
in touch with him. When we consider that the enormous number of his pupils 
and followers, distributed all over Japan, are actually constituting the back- — 
bone of physics in this country, we cannot. fail to be deeply impressed BY) 
the inestimable contribution he thus left behind him. 


Honors were flooding in to meet his unparalled attainments, thus in 1912, WAY 


he was nominated as one of the few Honorary Fellows of the Physical Society — 
of London, among whom are Mme. Curie, Lorentz, Michelson and others. 


- In 1925, he received the honorary degree of Doctor of Philosophy (honoris ae 
causa) from Cambridge University in England. In Japan, he was among 


the first eCIED(S, of ee Kunsho’’, a medal of great distinction, in. 


8 1937. 


-As regards the prominent positions he held, we note that he was the first 
president of the Osaka University when it was newly established in Osaka 
in 1931. Further, he has been the president of the Imperial Academy during © 


nas the. years of 1939 & 1948. He was elected as an honorary member of our © 


_ Society in 1950. 

- [t would be Ssuperfiuons (6 mention that very few men have ever’ fad: a 
career asi brilliant as that of. Prof. “Nagaoka, and his name will long be re- 
~ membered as one of the founders of physics in Japan. 

Looking over his unprecedented career one cannot fail to recognize that at — 
the base of his years of tireless endeavor lies the child-like simplicity for 
the love of Nature. We are reminded of the words Prof. Nagaoka has often 
been quoting himself: ‘In orden to study Nature, one must be like a child.’ 
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Introduction. Ni D 
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bolt is. found experimentally that ihe, super- < 


litices of the type AB and A;B are formed in 


several binary. alloys” of body centred cubic type, | 
and that the behavior of their formations are 


manifold for different kinds of alloys. - For 


example, the superlattices of both AB and A,B : 
‘types arise in Fe-Al system, but in Fe-Co system | 
only. the superlattice of type AB is” found. The | 


former theories* concerning the formation of 


superlattice are not sufficient to answer this 


problem. In those theories, 


superlattice is discussed by taking into account oe 
the interaction between atoms on nearest neigh- 


boring lattice points and the interactions between 3 


Becond neighboring atoms are considered | as an 


only. ‘factor. giving a “small correction to the. 


result. But it can be seen from the geometrical 
configuration of the A;B type atomic arrange- 


ment that. the latter interaction plays an im- 


portant role in the formation of the superlattice _ 


of A; B type. Then, taking both interactions 


into aecount and introducing proper parameters 
defining the degree of atomic arrangements of © 
both types, the manifoldness of the superlattice a 


formation in different, binary alloys of body 
centred cubic type are discussed in this paper. 
The results reproduce the behavior of the super- 
lattice. formation in iron-aluminium 
satisfactorily. 

§2.". Quantities Defining an Atomic 


Arrangement. 


A body centred eabie tetics 1s aGiaidered to 
be made up of fpr interpenetrating face centred 


&% Full bibliographie surveys are ‘found in the Followihiz 


articles; C.F. Nix. W. Shockley: Rev. Mod. Phys. 10 (1988), VA 


9. ‘iL Sato: RIES, 1 (1949), 1. 


Bie te: On the Superlattice Formation in Binary Alloys of ee: 
a. | ~ Body Centred Cubic Type. oy 


By Shoichi MarTsupa. 


; ‘i Sool (Received March 6, 1950). 


the formation “of 
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of the original one (confer Fig. 1). 


8, r) are denoted by A,0;N and Bates then 


481 44 


\ 


cubic Jattices which have twice lattice constant aN 


_ Those four kinds of lattice points are denoted — 


by «/—, a//—, 8 and 7— sites respectively. How- 


Sais 
Ne 
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Ned 
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a 
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of A and B atoms are ignated by an an 
(l—a)N respectively. Let the numbers oei 


‘and 7 sites be 0,N, 0,;N and 0,N. In the case ~ 


considering now, 6, = 1/2 and 03 = 0, = 1/4. ri 


the numbers of A and B atoms on -site @ =) 
Ag+Ba = As By = 


A-+B, = i, (ly 


As the sum of A atoms on a, B and 7 ae is 
egual to the total number of A atoms, so the 
following relation is obtained. 


eS Sh 


As shown in (1) and (2) four relations exist 


AgbaN + As0)N-+-A,0,N = 2N. 


among six atomie fractions Aa etc., sothat,two 
of them, for example A, and As are independent 
and are sufficient to specify the number of atoms © 


W= Wat Wan 2 an, & 
A= 3W/AV, 


4 
7 


he . 
a Fy Ae pee I c= (Van V9») . . 
= As—B, = 2Ay—1, ei AV Vern) + 8 14— Was} | 


On the other hand, configurational entropy Co} 
oe sd is cee. by : rae 


4 
OP, P,) = eins I 


@N yeh 
, pei 
© =—*N eA, log Aat 2B: log Be Cre 

+As log Art By log Bt a log Art By log Br) | 


Then, the free. energy of ‘the alloy relatin 
atomic arrangement can be given by. | 
PR. P,}. T)= E(Pi, P)—TO(PL, Pe ay 


- Consequently, the forewing equilibrium: condi- 

jermodynamic Pukctions Relat . ae 
tions are obtained - ; . ate Sy Ms 
> ce Atomic’ ea aoe and ~hiis. meat 


aE , 20 | Baad - 4 a 
iN we oP, = {2e— ~1- a2 Ps Sp} 


a, 


i maa between atoms in te 

* .% ou ap, = 
constant throughout the i: re tf 
4 also independent af f the concentration Lega 


above equations. ; 
Mow, we can distinguish ¢ 


(AP 


7h ~ 


on as: lattice | points; pcs in eps 


ssin with P me es it t Ik t - ; 
a 1 5, it takes ms soon. Arse and Bea Bi Bete. ‘Such ee 


See Ny es 
} ‘if there. ‘is ‘sue ‘a ‘relation as 


PuPr= = mee 


; out by using the method of zeroth “approximation ‘ 
n by R.H. Fowler & E.A. Guggenheim “Statistical 
odynamies *, Cambridge (1939), 1814, er 


ype superlattice, becanee of Caietieiearonice of 
Such a atomic 
Lastly the 
_ atomic arrangement for the other solutions of 
8) is denoted by type I. 
M ‘is included in type I. If such three types of 


‘ istinction between 8 and 7 sites. 
S ee is denoted by type II. 


A;B type superlattice 


Es cimic arrangement can exist in equilibrium at 

‘the same temperature, the most stable state 

corresponds to the atomic arrangement having 

the dean free enerey- 

fe a 

is4. Atamie’ Arrangement in Paul 
brium. 


1 


The formation of Baperiottice s in consideration ‘ 


is greatly influenced by the ratio of the relative 


: interaction potential V and Ww or the value of ~ 


_ 4. We now discuss this problem for various 


eases under such assumption that the nearest 


neighboring atoms of different kinds is more 


_ stable than that of. the same kind, that is, the 


‘ case ‘V>0. It was found by Bragg-Williams’ 
_ theory. that the ordering of atomic arrangement 
- always occurs in this case if W=0.- 

“(i) W<0 or 4<0: The atomic Sue eeroens 
of type | sf forms when it holds (a) ; 
ea ~ Ag0;N>'A,0,N, B,6,N>Bs0,N — rs 
or (b)  AsON<Ay0,N, ByO:N<By0jN. 
er or. nek “case, the following relations are 


obtained © 


(<0 for (a); 
>0 for (b). 


AsBy 
BeAr 


7, 20 kn 
of oP, 8 Bd 


a) 


Beccoedingly, in order ‘hat’ (8) has solutions, the 


j 
Set BY 


following relations must hold 


2 


<0 for (a), 


a on” 
& OP, oa[ tet -$ ute P| (a for (b). 
or, tor AKO "i 
- a >0 for (a), 
2a -\—3AP rtP 0 for (b). 


But the values of Pi and P, in the above range 
do not. satisfy (id) for both cases. If the solu- 
tion of (8). exists in case of 2 <0 excluding 
that of the type’ Ill, it must be 90 /aP, = =0 or 


type Il Saal rai ‘Therefore the solution = 


. of type I (A;B) etc. respectively. The thick fall 


P,+P, = =2(2e—1), which is the condition (10) for , 


type I chee not exist. If eq. (8) has a solution, 
it must be that of type IT. 

(ii) W=0 or 4=0: This means no interac 
tion between atoms on second neighboring lattice 4 
points. Putting 2=0 into second equation of; 
(8), it follows P;+P,=2(2e—1), that is, the * 
relation (10) holds. And so the solution of type 
II exists alone excepting that of type II. | 


Ny 

-, @ 002 O0¢% 0.06 oof O10 012 ary eae bh 
Lea Wy: aide eg 

Pe. 2. ee 2 


: 3 
“Gin W>0 or I>0: The atomic arrangement 


of type I arises. in, this case. Fig. 2 shows some _ 
examples of the stable solutions of equilibrium es 
condition 6) for the case of 4 = 0.5) or We Ww Pon 


3:2. The curve I ete. correspond to the solutions ¥) 


line indicates the most. stable ~state which has. os: 
the lowest. free energy for given temperature (x) oa 
among the solutions of three types. In the case is A 
of «= 0.6, for example, the atomic arrangement s 


changes discontinuously at certain’ “points as a8 


as 06 07 OF 079 Woe of ar o8 af 10 
eter ates 1 fee ewe 
s I . ‘ 4 jl 
(a) sete aes (b) - Chiptii ie 
bho 8 


1I>1-Ii-II1 suecessively with the rise of tem- 
perature, and. in the case of « = 0.75 as I-III. 
From these results, the phase diagram = of 


= 


@. 8a, showing the regions of stable © Efistence’: AL atoms varies i Paes a straight as ID [ for 
of. the atomic” arrangements of three types, is __ both rapidly cooled and annealed | alloy; sue h@ 
obtained. The ‘regions I, II and III are the arrangement of atoms corresponds to FeAl (AB) ~ 
existing ranges.of tppe I (A,B), II (AB) and III merge 
(random arrangement) respectively. The curve 
shows the transition temperature between 


erent types of arrangements. The curve in 


e atomic Reaniboeition of x =0:5. When 2 be- 


m S large, the range for type I (A,B) ope 
tts peas Fig. 3b. gives the aoe as Sara 


oe Vika tot ot Aklmy- 


, type II is etce and jong type I: appears 
le Sees tice Seracinrs over the whole 
ea). for the cases of ee BE an d <0, 
erlattice ‘of type dt (AB) arises “alone. 


agram. becomes ales with ‘increasing | 


more increase of a on BSE ln I cieetn 


i 


fa 
« odin, 


Da iy _ type superlattice. “In the range b-e, ‘the frac 
case of F tional number changes along curve I for annealed | 
tred cubic lattice Rbusigerad above are alloy and this arrangement is due to Fe,Al (A.B) 
ins Fe-Si, | Cu-Zn, Fe-Co, Fe-Cr (meta- type, while for quenched alloy, the fractio: A | 
pI ase) Fe-Al alloy ete. Among thesé the number changes along the straight line‘ II corres- 
ice in Fe-Al alloy in the phase of body . ponding FeAl (AB) structure. In the range ed, 
¢ bie lattice is studied by Sykes-Evans® c perfect. random state appears (straight line 1). ; 
ts -Murata®, Bradley- Jay® ete. Although — - These Hhsnits suggest that ‘in equilibrium, 1 > 
perimental results do not coincide . with. "FeAl type superlattice is formed in a-b composi- 
ther, it can ‘be: concluded from the above tion range. In b-c,. FeAl, type exists. at ro 
Estee: that the Fe;Al. type super- .. ‘temperature and FeAl type at higher tempe a 
i formed near the ' composition of ture, and in e-d, there is no. ordered arra 
ment of atoms. tt can be considered that h 


- Fig. 5. bE 


. with, i | Espen ss 


me 


\ donot fe OATS =1:1(*=0.5). Thus the. 


jiagram given by Osawa-Marata (I.c) is in the case of 4=0. 5. If one takes th 
produced by, the above theoretical conclu- 


1951) The Siructure of Thin Metallic Films. 135. 


Fig. 5. The lines II and III indicate B; for type 
II (AB) and type III (random distribution). The 
curve I is for type I (A;B). If one compares 
‘Fig. 4 and Fig. 5, one will find the coincidence 
between the both theoretical and experimental 
results on atomic arrangement in Fe-Al system. 

In cases of Fe-Co and Fe-Cr alloy, it is 
“reported that AB type superlattice alone: is 
found. These will be considered to be the eases 
of zero value of 4 or negative value from the 


reason mentioned in the previous article. 


In conclusion, the author expresses his thanks 
to Prof. T. Hirone for his kind advice through- 
out this work. 
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Structure of Thin Metallic Films Formed by Evaporation 
on Molybdenite. 
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Physical Institute, Nagoya University. 


(Received Sept. 11, 1950). 


§1. Introduction. 


There are already many investigations by 
means of electron diffraction on the preferred 
orientation of metallic crystallites deposited on 
erystal surfaces by evaporation in a vacuum. 
Uyeda studied the growth of submicroscopic 
silver crystallites on the cleavage surface of 
-molybdenite and concluded that the preferred 
orientation is induced by the periodie field of 
surface force, denying the view that it is due to 
cracks and steps on the surface. A further 
investigation on this line was developed by 
Miyake and Kubo© for many kinds of metals on 
zincblende and a few other crystals; and they 
discussed the formation of oriented crystallites 
with many experimental evidences. 

In this paper the author reports on the 
results of a similar experiment with six face- 
centered cubic metals on the cleavage surface 


of molybdenite. 


§2. Experimentals. 
Metals used in this experiment were gold, 


copper, nickel, platinum and aluminium. They 
were evaporated in a vacuum with pressure less 
than 10-4mm Hg and deposited on the cleavage 
surface of molybdenite placed in a small electric 
furnace. The temperature of the furnace was 
between room temperatures and 500°C. The 
evaporation was carried out after it had been 
kept constant for about 30 minutes. The thick- 
ness of the deposit was about 20~100A estimated. 
from the amount of evaporated metal. The 
specimen was cooled in the vacuum and remount- 
ed on the specimen-holder of an electron diffrac- 
tion camera®. The diffraction pattern was. 
obtained by the reflection method with the: 


electrons of about 40KV. 


$3. Experimental Results. 


(a) The type of orientation of silver erystal-- 
lites on the cleavage surface of molybdenite 
studied by Uyeda® is shown schematically in 
Fig. 1; viz. (111) plane of silver is parallel to- 
the cleavage surface and [110] axis of the former 
is parallel to [100] of the latter. There are two- 
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orientations, denoted by A and A’ in the figure, 
which are mirror reflections to each other 
across the (100) plane of the latter. In this case 
the diffraction pattern obtained when the primary 
beam is directed along [100] axis is symmetric 
across the central line, showing that both orienta- 


tions appear with equal frequencies. This type 


Fig. 1. Schematic picture of the sym- 
metric type orientation. 


of orientation, which we call the symmetric for 
convenience, was observed in many eases in the 
present experiments. In some cases, however, 
the asymmetric one was also observed, where 
one of the orientations predominated over the 
other (Photo. 1.). 

All the experimental results are summarized 
in Fig, 2; the abscissa in this figure is the 
temperature of the base crystal at which the 


metal was deposited, and the cross means the 


lattice 
constant 
(A) 
Au 4.07 
Ni 3,52 


—_——-> temperat : 
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symmetric type, the triangle the asymmetric 


one and the circle the random orientation. 


Photo. 1. The asymmetric type diffrac- 
tion pattern produced by gold. 

(b) If well cleft surfaces were used, the 
asymmetric pattern remained unchanged when 
different parts of the surface were irradiated by 
parallel displacements of the primary beam. 
Moreover, the pattern changed regularly to its 
mirror images across the central line when the 
crystal was turned by 60° around the axis normal 
to the surface. Some irregularities, however, 
were observed if the cleavage surfaces used 
were less perfect. 

(c) It was verified by the following procedure : 
that the prevailing orientation in the asymmetric 
type of gold is the same as that of nickel; i.e. 
both the A- or both the A/- orientation. Gold 
was evaporated on a half area of a specimen by 
covering the other half by a sheet of mica, and | 
then nickel was evaporated on the other half. 


The asymmetric pattern of the same nature was 


300 400 500 


Cu 3.60 
Ag 4,08 
Pe 3.92 
4.04 


Fig. 2. Types of orientation observed. 


x: the symmetric type 
©.: the random orientation 


A: the asymmetric type 


‘ ie incident beam in parallel. 

- @ The. transition temperature, where the 
symmetric type ‘changed to the asymmetric one, 
was x raised: by about 90°C in the case of gold, if 


the temperature Poent aes a long time. 
84. Discussions, i 

(a) Molybaenite belongs to the space group 
: “D§-C6/mme. of the hexagonal system and has a 


_ layered structure as shown i in Fig. 3. Each layer 


"which ‘is. a sandwich of - “S-Mo-S ‘has only a 
"trigonal axis perpendicular to the layer and the 


es es eu 


i fay 


ee 


Fig. 3. Atomic hoenoa in molybdenite 
_erystal; the small circles are Mo and 
‘the large ones are S atoms. 
(a) Basal projection of a sandwich layer. 
(b) © Vertical - section through the chain 
line of (a). ie 


sui on aa a) A, EUAN A) ie ar secanaal tg 


; successive layer coincides with each oiken: by a 


glide-reftection, i.e. the translation’ e/2 and the 


each part o ' the specimen 
of surface force should also be trigonal, and hig 


the evaporation was carried out without keeping 


of pabibierste has no steps and a less perfee 
~ one hasia few. This fact gives a strong suppor 
to the previous conclusion by Uyeda. that ‘th 


; with’ the surface of molybdenite is the same 
both A- and A/- orientation. 
‘minated by the arrangement (relative t 


_ effective either directly in the. position 
~~ second layer or it is so indirectly through 


‘reasonable to consider that contaminations | : 


‘ ‘because this metal is exceedingly reactive tha: 


4 


reflection across (100) plane. Therefore, the field 


there are no steps on the surface, the appearance 
of the asymmetric type of orientation is reaso 
able from. the consideration of symmetry. The 
experimental results described in (b) of | the 


previous section prove that a well cleft surface , 


in ek orientation is induced by the. periodi 


The. atomic Reet in the first oe 
of metallic erystallites which are in. ‘eon 


They. are dis 


base crystal) in the second layer. ~The appearan 
of the asymmetric type means ‘that the devia 
from the hexagonal symmetry of the fo 


distortion of the first layer. se 
(c) Aluminium showed baie the ran om 
orientation. This’ may be caused by, inevitable 


At 
contaminations in our experiment. It _ ‘may be 
he 


disturb. the perfect orientation in general, and 


this effect is remarkably enhanced for aluminium 


the other ones. 5 
‘The reason why the'asymmetric type occurs 
in some cases and the symmetric. one in others 3 
cannot yet be made clear. The observed types _ 
of orientation givén in Fig. 1. show correlations 
neither with the lattice constants nor with the 


degrees of chemical inertness to sulphur. 
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(d) Miyake® supposed that adsorbed oxygen 
molecules on the cleavage surface of zincblende 
might influence the orientations of copper and 
interpreted that the fall of transition tempera- 
ture by baking was due to the desorption of 
adsorbed molecules. In the present case, how- 

ever, the simple molecules such as nitrogen, 
\ oxygen, etc. might have been desorbed under the 
| condition when the experiment was carried out, 
because the uppermost layer of molybdenite 
consists only of sulphur atoms. It is more 
reasonable to infer that the fall in the transition 

. temperature is caused by the desorption of the 
i ‘long chain molecules such as reported by the 
j author and Uyeda previously“. They form 
' - oriented two-dimensional crystals on the cleavage 


’ surface of molybdenite. Their peripheries which 


"may behave\as if the steps of base crystals, 


‘ 

af = . . ° . 

a may induce the symmetric type of orientation 
en 

‘ _ ina range of temperature where the asymmetric 
b's. \ ‘ : 

__ one should occur if the surface is clear. enough. 
Ai a ; 

‘eg ‘ 

exe. 


! 
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Gare Introduction. 
: In thie paper we report the results of i investi- 
gations of the magneto-optical rotations for D- 
lines of aqueous solutions of NaCl, KCl and KBr 
_ at 85°C. The apparatus and the method of 
procedure employed in the present measurements 
of the rotations are the same as shown in the 
‘previous paper™, 

The results are discussed in terms of the 
‘specific rotation constant. which is defined’ by 


bs: noi? n{[o] 2? 
[D] = 3(n?+2)? ~ (ni? +2)2 ’ (1) 
i Ms 
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_ tive index, Verdet’s constants (in min. per cm. 
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In conclusion the author expresses his sin- 
cere thanks to Professor R. Uyeda for his kind 


§S. Miyake for his valuable discussions. The 

expense of this study was defrayed from the Grant 

in Aid for Foundamental Scientific Research of 
| 


the Education Ministry. meee ‘ ; 
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hee nm, » and [o] are, respectively, the refrac~ 


gauss) and the specific rotation of a substance for 
the wave-length 4 (in em.), and s is its density. 
The mixture rule, for [D] is~ expressed by 


the formula . fsa 
WD) =elDieeIDg, ae 

where [D], pA LD,]: the specific rotation éon- 
stants of the solution, the solvent and the | 
solute, respectively, "¢ i 
1, T,; the grams of the solvent and, the 4 
solute in 1 gram of the solution:. : 


x the molecular constant 
O= M (D1 of the electrolyte. (M = 
Eveight). i in “aqueous ‘solution: upon the concen- 
tration. 


« 


its molecular 


2. 


Experimental Results. 


; reagent), KCl Kahlbaum (kryst. zum Analyse). 
/The con- 
Ne centration of a solution was determined by 


and KBr Merck (extra pure erystal).. 


(3 evaporation of a definite quantity of the solution, 

id the ‘salt thus obtained being dried at about 300° C 
of in an electric drying oven until a constant 
a weight of the salt was reached. 


From a number ps rotation measurements 


Maurine the present ‘experiment, we obtained the 
x values 6.99° and 0.95° as the rotations due to the. 
: edistilled water at 35°C and due to the end 
plates of the polarimeter tube for D- lines when , 


the magnetic field was, reversed. By using. the 


above. value for water and the formula given by ~ 


Rodger and Watson for Verdet’s constant oP 
_ of water at t°C for D-lines, that is. 


"aP = 0.01311 -0.0000805¢-0.00000805¢, 3 
8B <t<98, (3) 
7 the ebange of magnetic Hotential on reversal of 
» the field was found to be 82145 Zauss em. 
ie ae ‘The results. obtained are tabulated in Table 
a: in “whieh ‘the! densities s were determined by 
: graphical interpolation from the data given by 
< Holemann and ‘Kohner®, and Shibata and Hole- 


> mann®, : The molecular rotations M[o,] of the 


; _ electrolytes, in solution, which can he calculated 
from Bcnonroc’s mixture rule 


+ % a ‘(el= = eifon}+eeload) (4) 


“are also given in the Gable so that hey may be 
“compared with: the results at 25°C in the previous 
_ papers™. - The values ‘corresponding to t,=0. 
of were obtained by graphical extrapolation. It ‘is 
shown from this table that the molecular rotations 
 M[o,] of these electrolytes at 35°C are almost 


& constant in -the range | of the concentration 


Le 


eee while at 25° Cc they tend to decrease 
poweth increasing | pace as shown in the 


a : Nach used was out Merck (guaranteed ; 


rong | Blectrolytes 1 1X 


previous paper. 


‘I, we need to use the values of the refractive 
indices measured at-the same temperature as. in 


_ the formula (2) are shown in the last colum r 


‘In order to calculate the, Lpecine rotation 
constant [D] of the solutions by means of the % 


formula (1) using the [o]-values given in Table 


Thus the data” Ke 
concerning the refractive indices from Hélemann 


and Kohner for NaCl and KBr and Shibata and I 
Hélemann™ for KCl were adopted. The values 


the present measurement of o. 


of the refractive indices ~ in the above data : 


having been plotted against t,, the “required 


value of n for a definite value of tie was obtained 


a graphical Palas Sess The calculated values 


the table. . Ge 


| ‘| Pahles Besa . 

(The w-value corresponding to t, =, ice. 
Verdet’s constant ; of pure water, 
_is obtained from the formula (3)). = 


100 r;, gat a ae: | [o] 
“45. NaCl M=58.46 
0 0.99406 |. 0.013047 | 0.013125 | ¢ 
10.35 | 1.0673 | 0.01478 | 0.01385 | 
13.87 | 1.0931 | 0.01538 | 0.01407 | 1 
17.03 | 1.1171 | 0.01601. | 0.01438 
21.89 | 1.1511 | 0.01685 | 0.01464 | 
25.02 | 1.1807 | 0.01762 | 0.01492 | 
a ' | Sok 
25 KCl, M = 74.55 
0 | 0.99406 | 0.013047 | 0.018125" 
11.12. | 1.0652 | 0.01437 | 0.01349" 
14.11 | 1.0853 | 0.01480 °} 0.01364 
17.33. | 1.1072' | 0.01523 |. 0.01376 |; 
21.33 | 1.1358 | 0.01577. | 0.01388 | 1. 
25.11, | 1.1637 | 0.01631 | 0.01402 
3. KBr M=119.02 t=95°C 
ars # 
0 » } 0.99406 | 0.018047 | 0.013125 @. 23)on2 
14.66 | 4.1070 | 0.01543 | 0.01394 aie 
17.78 | 1.1340 | 0.01594 | 0:01406 
20.97 | 1.1622 | 0.01660 | 0.01428 
25.59 | 1.2060 | 0.01757 | 0.01457 | : 
31.96 | 1.2718 | 0.01900 | 0.01494 é 
36.90 | 1.3277 | 0.02014 | 0.01517 . 
Tonle. “AL. e 
Oe ~ “| [D] x10" |M[D,] x10 
1007; Cc | ap oe em.2 min, crea 
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1, “NaCl t= 85°C 
“0 0 1.33142 4.268. | (8.51) 
10.35 | 1.975 | 1.3490 4,446 3.53 
13.87 | 2.755 | 1.3552 4,499 3.49 
17.03 | 3.511 | 1.3608 4.564 - 8.538 
21.39 | 4.654 | 1.3687 4.639 3.52 
25.02 | 5:708 | 1.3758. | » 4.706 3.52 

2) KG) t = 35°C 
Te!) 0 1.38142 | 4.263! (3.78) 
Pit. 12) 22.678 | 1.8464 4.338 3.68 
14:11 | 2.204 | 1.3504 4.375 B77 
647,93 | :2.812" |:1.3548 4,400 3.76 
21.38 | 38.637 | 1.3604 4,422 3.73 
25.11 | 4.498 | 1.3658 4,451 3.74 


3. KBr t = 35°C 


1.33142 


Bs Oi 0 : (6.72) 
14.66 | 1.443 | 1.3496 4.473 6.77 
17.78 | 1.817 | 1.3538 6.65 

| 20.97 | 2.229 | 1.3584 6.74 

25.59 | 2.889 | 1.3652 6.76 

: $1.96 | 3.947) | 1.3752 


4.913 | 1.3838 


“tn plotting M[D,|-values against the concen- 


tration, the latter was expressed in equivalents 
My per 1000g H,O which is represented by C as 
We -then 
_ obtained very nearly straight lines, for all the 


. - given in the 2nd éolumn of Table II. 


ey electrolytes under investigation, as shown in Fig. 
re: 1, so that an extrapolation to infinite dilution 
ee} could be carried out. The resulting values for 
fe C= 0, i. e. the molecular rotation constant M[D,.] 


rm in dissociated states, are given in the Ist line of 


i - the same table. 


\ 


M(D.}x10]” 


6-80 ° : 
erie ® [ e 


_ From Table II as well as Fig. 1 it is found 
that the M[D,]-values of these electrolytes at 35°C 
are nearly independent of. the concentration, 
while those at 25°C tend to .decrease with 
_ increasing concentration as shown in the previous 
Bt papers. This difference may be attributed to 
the increase of. dissociation degree at higher 


' temperatures. The molecular rotation constants 


Atuyosi. OKAZAKI. 


' differences between the two ionic rotation con- — 


4 ‘ Y eee eed *. 20. 


(Vol: 6, 


at infinite dilution are smaller at 35°C than at 
25°C, as shown in Table III. : 


{ 


Table III. 

M{[D.]-values at infinite dilution. 
Le 
Compounds 25°C . 85°02 
NaCl | 3.77%10-1 3.51 x 10-1 

KCl 4.05. 7 13.78 2 
KBr 6.94.» 6.72” 


ep ; 
It has been shown in the previous .papers® ~ 


that the molecular rotation constant of an 
electrolyte at infinite dilution is given by the — 
sum of the component ionic rotation constants, 4 
i.e. > “ 

O=0,+40_. 


According to this additive law, we have “the | 


stants, i.e. the values for K+—Na?+ and Br- —Cl-, 


at 25°C and 35°C from Table III. It is found that ; 
these differences are nearly independent of the | 
temperatures, as shown in Table IV. | 
‘Table IV. g 
| 25°C 35°C al 
KCI—NaCl | 0.28x10-1 = | "0.B7 «10-8 
KBr-KCl | | 2.89,” 2.94 7 


a 

In conclusion I wish to xpress my hearty. 
thanks to Mr. H. Inomata for his assistance in 
this investigation. I am also indebted to the 


Japan Society for the Promotion of Scientific ; 
Research for financial aid. a 
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Ne stage, the rate of natural counts increased in various manners’ which depended on the if 


; the slopes of 0.62% to 10 % /100v.. The counts decreased exponentially with the square root. 


adsorption and evaporation of the: quenching gas molecules and also the negative i ions 


Counts in GM. Counter. = = =i 
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“Abstract 


The feinperature: effect on the rate of spurious inicdhanges in G. M. counters a (faa 
glass sealed-off type with out-gassed cathode of 2cm $x5cm), was observed when they 
“were heated and cooled at constant rates. As shown in Fig. 2~9, on the haktinees 


filling gases and on the cathode material, and decreased rapidly on the cooling stage 
without. exception. It was verified that. these discharges. were due to the so-called — 
“Spontanentladung, ” of Trost and the occurrence of the double or triple discharges" 
_ (Nachentladung) was very small. The plateau curves were taken with gamma ray _ 
“source and also without any ‘source before and after each experiment, and we. could - 
not find marked changes in them, though those with natural counts became generally | 
better after cooled. The plateau lengths were generally. between 100. to 500v, with 


of time when the counter was kept at constant temperature near 100° C after raised 
to that point. Tentative explanation can be made along the lines of so-called Malter. 
effect of the thin oxide film of the cathode. But we can not neglect the effect of. 


AB: ‘the: cathode surfaces. 


{ 


Yq 


ns ® 


8 rae ca enone . . 
The temperature. effects of the Geiger- 


“aiueller. counters were studied by Sonoda and 


bf Kimura®, Minakawa®, Joyet and Simon®, Korff, 4 
“Spatz and Hilbery®,. Brown, Parkash® a nd| by. 


My also_ Louw and Naudé. | Keuffel® and lere- 


ford, have studied on the spurious discharges 


of the parallel plate ‘counters, and Hereford have 

“found: some interesting results on the tempera- 

; ture effect of. parallel plate counters. The 

researches of these authors are generally concern- 

f ling the changes in the plateau characteristics by 
_ temperature, and’ it Seems no definite conclusions 
are obtained till now, though the present author 
Riess not have a chance to know the results of 
povet et. al. and. also of Korff et. al. 


According to the investigation ‘of As Trost”, Ky 


as spurious’ discharges in the G.M.C. can be 


--devided. into. two sorts, that is the ‘““Nachent- » 


Jadung ” and the \The 
“former | is a a discharge induced by a laid one 


Fe Spontanentladung”. ” 


occurring generally before about 10-4 see. an 


discharges of the self-quenching G.M. fi wh 


to red hot by high frequency induction furna 
rs or baked in electric furnace for fev hours 
at the temperature of about. 360°C. The centra 


‘wires were made of 0.09 mm or 0.1mm W ‘wire. 


latter is a discharge which occurs. spontaneo 
without any such agency. ‘Present investige 
are on the temperature effect of the spotane 


was heated and cooled se rapidly. 


§2. Peeenel eee 
Ye Dhe: G: M. 
research are generally hard glass sealed-off t Ps 


counters used in. the pre 
with cathodes of 2em in diameter and | Sem 
length made: of various metals. In all cases t 


cathodes were out- -gassed by heating in vacut 


The counter, after being sealed off with argon 


and adequate quenching vapor in it, was put in ~ 


an electric. furnace and heated at a’ constant % 


rate. The amplifier was followed by two sorts 


my | oe cAG 
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' 


of counting system, that is the scale of 16 hard 
valve scaling circuit and the scale of 2. with 


thyratrons. The latter, having.a time constant 


30 50 10 


Big. 1. 
780v., working voltage :°830v.) 


x :. counting rate by scale of 16 
©: countihg rate by scale of 2 
4: difference of x and © (mainly Nachentlandung) 


circuit, therefore, gives the rate of ‘‘ Nachent- 


ladung”’. In the present experiments, the 


ia discharges -which could be attributed to the 


“Nachentladung’’ were very rare in all cases 


a as shown in Fig. 1, being generally 5~3 counts 


a y ~ per minute at most, and could fairly be neglected 


_ to the temperature effect. 


__ “used in the course of observations. 


as compared to the spontaneoug eounts due to 
Neither radioactive 
source nor Pb shielding for cosmic rays were 
The counting 
rate by cosmic rays was generally of the’ order 


3 of 30 counts/minute which was very small as 


- eompared he the counting rate due to the er hens 


rks arg X 


Experimental Results. 


§ 3. 


In almost all cases in the present experi- 
ments, the plateau curves were taken before 
; and after the heating performance with a r-ray . 
source and also without any source near the 
counter. No marked change in the plateau 
curves was seen after the counter had cooled as 
compared to that before heating, though the 
plateau curves taken by natural counts showed. 
sometimes better characteristics after the counter 
had nearly cooled off. During the. course of 


fi 
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of about 5x10-% 
‘«‘Nachentladung” from the previous discharge 


Temperature effect in Fe-Argon-Alcohol G.M.C. (starting voltage: 


* ture to about 100°C~160°C and then cooled. 


~ (ol. ( 
sec., ean not resolve th 


The difference in the counts by the two scali 


{0 


1f0- 


{30 min, 


heating experiment, the counter voltage was kept 
constant which was a little higher than the middl | 
point of the plateau range,. being generally 50 
to 250 volts higher than the starting voltage. 
(A) | Temperature effect when the counter 
was heated and cooled at a constant: rate. 
' The counter was heated at an almost constant 
rate (1°C/min. ~3°C/min.) from room tempera= 


As there are many factors which can be 
changed, that is, the rate of temperature change, 
the cathode material, filling gases, etc., it is 
almtost impossible to cover all cases. Some of 
the results obtained are reproduced in,Fig. 2 

The experimental conditions are shown 
respective figures. As seen in these figures, the 
rate of spontaneous counts increaséd enormously 
in many cases, and it decreaséd rapidly as. s 
as the counter began to cool without exceptio 
The rate of spontaneous diacharges on the cool: 
ing stage of the counter was very small even 
though the counter was still at a rather hig sh 
Plateau curves takén before 2 
after the heating experiments showed no ma: | 
difference, and the variation in the star 


temperature. 
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teas 
10 20 30 4o $0 60 7OmMin 


Pa 


Fig. 2. Fe-Argon (9mm)-Aleohol (10 mm) G.M.C. 1185 20,'3p. 40: $0 60. Fomban as 
4 st. v.: 880v., wk. v.: 980v. . : Fig. 3. Ni-Argon (66 mfii/"Alcohol (10;mm) G.M.C.. 


/ st. v.: 830v., wk. vg: 930 v- 


3%Xrs 9 10. 20 30 TESS OU Tae REBT. 


‘Fig. 4, NiArgon (66 cary Ateonal (10 ae G.M.C. After maintained at Oe C for 3 hours. 
asten Ve A880 ¥- wk. vs: 930 v. j 


 galeig utes age 
i 


mh Ane Lae Bia 
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0 40 20 30 40 50 60 min. 


e 0 70 $0 Min, ) Fig. 8 Ni-Argon (67 mm)-Ethyt ether (9mm) 
iae 10 20 30 40 $0 60 7 g- Thy, OY pws n Sie 


| 
| 
: 
q 


Beck 5. Re-Argon (98mm)- eBthylens (10mm) G.M. cS 
: Sho. : 890v., wk. v.: 1180v. 


10 20 30 40 $6 60 70 %o Fomin. 
Fig. 9. AlArgon(75mm)-Ethyl ether (10mm) 
G.M.C. 

v.: 900v., wk. v.: 950v. 
to get an accurate plateau curve when t 
counter was under temperature variation beca 
the counting rate changed rapidly even 
- constant counter voltage. It was easily 
known, however, that the characteristic curv: 


50 60.70 80mm | " showed steep rise with counter voltage wherea 


_ 10 20 30 40 


the starting voltage was the same as before an 
Bie. 6. enon eo taro (10 mm) & Be 


after heating, This shows that the increase i 
st. v. : 920v., wk. v.: 1030v. 


counting rate to be erroneous one due to 
deterioration of insulation is extremely im 
sible. This point’ will be discussed in §4 again 
The possibility of the change in the compositi 

' of the filling gas as a result of outgassing fron 
the cathode and-the counter wall by heati \g 
could also be excluded., a *: ee 
The increase in the spbnitameelad discharge: 

was also seen when the counter voltage wa 
raised to.the working voltage from a value j jus 
below the starting voltage for short. inte 
from time to time (for 20 sec. ‘one every 3 min.) 
aso Gon Oy EO” IES as rey st ‘This showed that the above i increase in spontar e 
Fig. 7. Ni- Argon-Ethylene G.M.C. (Telex glass) ous discharges could not be attributed to t 
st. v.; 890v., wk. v.: 980v. phenomena which are accelerated eek 


; Noah tor RT pe riaes 


5 
a 


* @)- Aecoicthyl’ alcohol filling. 
1 ‘the spontaneous discharges increased rapidly 


when the temperature approached 100°C. The 
effect seemed to. increase with the speed. of 
temperature rise. When the rate was 1° °Cy/min., 
no definite ‘increase in ‘spontaneous discharge 
as 8 seen even at 70° C, and about 500 counts/min. 


were seen at. 120°C. We may not” be able to 


detect the change in natural counts by the 
variation as the room temperature which would 


ee pA ag O36 


ag re : say : ah oo ae 40 G 60 


| Z t 
ays ae ts 


ae lower: abscissa. 
ti i 1 


aithousti the plateau curve of brass counter was!’ ; 


rather _bad (plateau range: ~200. volts, ‘slope: 
~13% /100° V) as” compared to the Fe one. In the 
case. of Ni ‘cathode, no marked peak was seen. 3 
It can safely be said, however, that the appear- 
ance ‘of a peak at about 60°C has some relations 


bo the Properties of ethylene. 


aks Argon-ethyl ether filling. In phe: case of a 


charcoal steel cathode, a rather broad maximum 
was. ‘seen on ‘the warming stage as those in 
sthylene filing. No such ‘maximum was seen for 
Al cathode. | ¥ a 


s f ab 
Opie lain 


occur usually. On the cooling stage, the count- ee 


. 1.6°C/min.- 
: _ rate returned to the initial value at 105°C when 
The rate > 


with, the temperature: rise, but not so rapidly ie 


in the case of charcoal steel and brass oe 


jh me : Fig. 10. Dacky of spontaneous ‘counts: ins ties Fe-Argon- -Aleohol counter was. 
a heated from room temperature and kept at .79°C+1°C. : 
upper abscissa. (minutes after Sus aise rise ecoppaiyt 


Avett pepronaces in Hig. 10. The counting ce 


‘temperature began: to be kept constant. | 


(B) Temperature effect when fhe: counter 


ing rate decreased very rapidly and it returned : 
to the initial value at about 50°C. when the Es 
counter was cooled. from 104°C by the rate of ag 


In another example, the~counting — 


the counter was cooled from 140°C by the rate 4 
of 2.5°C ik min. ‘ 

(2) Argon- -ethylene filling. " rather stacy ; 
peak in the rate of spontaneous discharge . was 
seen when the temperature rose, to about 60°C 


TRE, | 


‘$0 100 120 


seems to decrease exponentially with the square 
root of time elapsed, after the moment when. the 


(C) Photo-temperature effect. 
The photo-sensitivity of . Duis generality: 
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7 . 
shows very complicated character. The counting 
rate of our Fe-argon-aleohol counters showed an 


-aecelerative increase even under the irradiation. 


by visible light of constant intensity, which is a 
phenomenon already pointed out by I. Nonaka». 

The increasing tendency of the counting rate, 
however, was immediately stopped and began to 
decrease when the counter was heated as seen 
in Fig. 11. 
when the counter was warmed up to higher 


The counting rate increased again 


temperature which might safely be attributed 


to the same‘cause as in the cases of experiments. 


(A). The counting rate decreased rapidly as in 
the previous cases when the counter began to 


~~. eool. _Thus the photo-sensitivity decreased enor- 


' mously by the above heat treatment. 


-- §4. Discussions. 


‘ _ Although we are not in the stage to draw 


any definite conclusion from the above experi- 


ments, following several mechanisms must ‘be 
considered in relation to the observed phenomena. 

(1) - Thermoelectric from the 
cathode. x 


emission 


20 40, 60 


' Zo 


Fig. 11. Temperature effect of photo-counts due 
‘to yellowish red light from W filament. 


Fe-Argon-Alcohol G.M.¢. 
st. v.: 780., wk. v.: 830v. : 


i 
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100 min, 


(2) Thin film field emission as a result 
the electric double layer formed on the cath 
surface. (Malter effect) i 3 

(3) Emission of electrons or negative io 
accompanying the adsorption and evaporation 
quenching vapor at the cathode. 

(4) Electron emission from the fresh metal 
surface. 

Beside these mechanisms, we must. al 
consider the following possibilities. 

(5) Emission of electrons from the cathode 
by the local strong electric field which : 
produced by a tiny charged dust which might b 
attached on the cathode. ° 7 

(6) Induction of electric pulse on the centrz 
wire by the discontinuous change in the volta 
distribution on the surface of counter glass. 

Though the mechanism (6) can safely 
excluded by the argument in §3, several tests 
were performed to ascertain this point. Th 
increase in the spontaneous counts was also see 
when the counter glass was’ made of Telex whi 
is a glass of high insulation as Pyrex. Experi 
ments by a counter with argon and alcohol a 
higher pressures showed the same 
perature effect, and no spurious counts 
were observed when the counter voltage 
was below starting voltage, though 
was much higher than the working 
voltage of other counters. : 

Mechanism (5) was assumed by Here 
ford to explain his observation by parall e| 
plate counters. He assumed that tin ‘| 
dusts of SiO, had adhered on the cathode 
plate when he baked the counter a | 
425°C. \ As SiO, has a specific resistivit 
of the order of 10% ohm cm, with a 
negative temperature coefficient, it seems 
not impossible to explain his results along 
these lines. It seems impossible, however, 


to assumé the same mechanism in 


_ case, because we can observe the in- 
, erease of spurious counts for the counters 
the cathode of \which is out-gassed_ 
high frequency electric furnace whereas 
the glass wall is not heated so high. 


‘thin film of oxide on the cathode surface. 
phenomena of the thin film ‘field emission had 
been ° observed by Malter, 
Kimura, Tanaka®®, and gion by Paetow@®, 
Minakawac and others also observed the after 
effect of the same sort in G.M.C. It is, not 
‘Sufficient, however, to explain all the ‘phenomena 


effect of quenching gas by ‘the so-called Malter 


effect alone. The adsorption of the quenching 


vapor molecules on the cathode surface may 


Strongly affect the thin film field emission. 


‘Adsorption and evaporation of the quenching 
‘vapor on the cathode surface is a function of 
the temperature. and its change, and they will 
influence strongly on the yalue k that is. the’ 


fraction of the field emission current contribut- — 


ing to the neutralization of the double layer. 


The rate of spontaneous discharge is proportional 


to (1—k) which is considered to be of the order | 

of 10-*~10-" as compared to 1. (@—s) will be a 
‘complicated function of the properties of the 3 
adsorbed quenching vapor. and also of the state. 
of: adsorption. In the case’ of ethylene some 
transition in the adsorbed state might have 
occurred at certain temperature. 


We cannot, moreover, neglect the emission 


of negatively charged - ions ‘accompanying the | 


evaporation. of quenching vapor. The negative 
ions will loose electrons on the way, to the wire, 
ares inducing the spontaneous discharges. 

-On. the cooling’ stage of the _eathode, it is 
- natural to assume the. “rapid decrease of 
oe k) asa result of the deposition of the sung. 
ing vapor. Pal ; 

; _ The Peadlnal: decay of the rate of spontaneous 
discharges \when | the counter is kept at constant 
temperature can also: be attributed ‘to the same 
effect. In our case, however, the decay curve 
will not necessarily be of the same type as - 
Ped by Hatoyama,. Kimura) and Tanaka», 
that is the Lot+1 decay, on account of the 
variation in the sadsonntion. state of of the yeuee on 
the ‘cathode. 

The bea srr in the G. M.C. is.a ares 
complicated phenomenon. eels ae G.M- 


e can ‘not neglect, however, ne arent cS 
The. > 


- Hatoyama and 


we observed, especially those concerning the | 


_ the discharges of 10°~10* counts. 


-by heating and the reduction in the photosensiti-_ : 
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Counters (of brass and Fe cathode at least) are 


generally photo-nonsensitive and they become 


gradually sensitive even to. visible light after 


This means a | 
‘that the work function of the cathode surface i is ne 
(oncagad by the deposition. of the cracked ‘mole-_ by 
cules of the quenching vapor which are produced > “a 


by discharges. These deposit will be evaporated Ae 


 vity will result as ‘seen in the present .experi- 


—€rane@® and Kramer®® have reported that they 


: notice, however, that the sense of variation 0 


of the. quenching vapor to be. an! exothermal 


by the fact that the discharge rate is. not. a 


mierias ape oo 1 Pa nage Re 4 
Concerning the soshatiten of (4), it is’ widely er 


kniown since many years that the fresh metal 
surfaces emit electrons which can be detected by 
Kutzner@), 


Wiedenbeck © and a 


photographic plate. Lewis. ~and 


Bureham@®, and recently, 


observed ees ‘electrons. According. to Louw 
and Naudé®,; Kramer’s experiment seems, to be 
resembled to the present experiment, though the 
author is not. able to know. his experiment 
directly at present. According to Kramer, well 
polished metal surface gave rise to spuriou 
counts in G.M.C. which decayed gradually wit 
time and increased again when Se counter was 
heated. Kramer concluded that electrons were 
emitted from the metal surface in the exothermal 
process. If this is true, our results may inti-- bs 
mately -related to his conclusion. We. mu t 
the rate of ‘spurious discharge is opposite t 
Kramer’ s conclusion if we assume the adsorption 


process. }, 
Last all, an cslanaition of the phenomena 
by the thermoelectron emission ‘may be excluded a, 


function of the temperature itself but of the 
sense and rate of its change. Rough Sema 
of the constant A and ¢ im. the ee 


formula, however, resulted in fide so ‘unreason-. — 


able values as follows: aes ny eae rae 
$= 0.2 Voit, A= 10-7 amp/cm? tes 


In conclusion it will be said that Ane resear- 
ches of these effects using G.M.C. seems to offer — 


another method of investigating the metal sur- 


ced 


ety 


; . (3) G; Joyet and M. Simon: 


; (6) S.C. Brown: 


Rn, oT enh COT ing. Bae Go 


148 


faces as pointed out by Kramer. 
The author is much indebted to Prof. S. 
‘Nishikawa to his encouragement and discussion. 
The preparation of ethylene gas by Mr. S. Ikeda 
and the assistance of Mr. J. Akutsu in preparing 
- the measuring instruments are much appreciated. 
The author is indebted to National Research 


Council for financial aid. 
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Abstract ‘ 

A new type instrument for measurement of Saray intensity with a G-M counter 
is described. The advantages of this counting rate 
fractional standard deviations are constant throughout whole -range of 1: 10*, (2) 
probable errors are also made constant by means 
required for reading is shorter in higher counting 


es, able to measure the counting rate from natural 
ea probable error less than 3 


_ § Introduction. 


As it is very convenient to use a counting 
rate meter when the counting rate is rather fast 
and high precision is not required, many circuits 
were devised, which have pre-amp., equalizer, 
integrator and indicator. The pulses from a 
G-M counter are at first amplified and equalized 


. by a saturate amplifier or a one-shot vibrator. 


These pulses which have been made uniform in 


Improved Counting Rate Meter for X-ray Measurement 


By Gunji Sutnopa and Teruichi Tomura. 
Osaka University. 


_ (Received July 20, 1950) - 


%, in 0.826 accuracy meter and with only one scale. 


‘amply short compared with the time constant of | 


Phys : 
(20) J, Kramer: Z. f. Phys., 125 (1949) 739. . 


/ 


meter are as follows; (1) statistical _ 


of logarithmic scale, (8) the time 
rate, and (4) therefore it is \benefit- 
counting to saturate counting with r 


shapes are sent to RC tank circuit to obtain: a 
voltage proportional to its counting rate. Such 
a tank circuit whieh consists ‘of a capacitance 
shunted by a resistance is a simple and ordinary 
one, and the integration and averaging of the 
pulses are not possible~except when the time- 
intervals between any Successive. pulses ‘are 


the tank cireuit. 


hee was done by, Schiff and- Evans®, and they 
showed that the voltage drop of the resistance 
is geR and has the statistical ae fractional 
‘standard deviation of (2eRC)~# . This is obtained 
under the assumption that the © pulses have 


Poisson’s distribution ‘and mean counting rate 
of es Re and Cr being the values of resistance 
‘and capacitance forming that tank circuit respec- 
tively. 
in: reading ‘is 0.675 (2RC)-2, and the equilibrium 
‘time i.e. the_least time to attain the indication 
7 differing from thé equilibrium average value by 
less thah the unit of probable error occasioned 
is. RC (2 ln 2eRC+ 

Moreover, the reading has a probable 


| by statistical fluctuations, 
0.394). 
error mlf, where m is a constant determined 
from personal and instrumental condition and f 
is a fractional value of an indigation to its full 
scale. These characteristics are shown in Fig. 
se and have the’ following disadvantages: (1) 
fractional standard deviations increase at lower 
counting rate, (2)- errors of reading are more 
‘significant at lower counting rate than statistical 
deviations, 7 
higher counting rate, and (4) from these reasons 
‘the range of readings capable to obtain with 
single set of R and C is less than is :10, there- 
fore at least four sets of “RO”s are indispens- 
able to” measure the intensity. of X-ray reflected 
by a crystal. : 


a 


Volt-Coulomb:Ohey 


ai 
s* J: 


vk = 


oe 


Probable error P-and Pm in Yo 


th 


Gare Sy, Page 


se V/AR 
aes 


S 
Sit 


_ Respon 


| Equilibrium time Te in inin. 


_-& 


/, Counting rate in Sec! 


= Fig. 1 ie Statistical Characteristics of the 
ae Ordinary. Counting Rate Meter. — 


‘Statistical analysis of such a counting rate. 


_ Therefore the probable error occuring — 


circuit and its characteristics are as follows. — 


Fr equilibrium time increases at _ 


‘produces an average potential drop of Kq. (1), 


" therefore i logarithm of « is obka ted by the 


= 


se ae 149 


With a current meter having 0.39 accuracy 
and permiting maximum error of 3%, avail- 
able range of counting rate is 1:10. The 
best time constant for counting rate 10~100 
is 24 sec., and the time required to obtain * 
one reading is in the range of about 0.5to1 
min. Therefore to measure the all range of 
counting rate j.e. from natural to saturate 
counting, at least 5 sets of seale are neces- 
sary.. 


§2. Theoretical Considerations on the - 
_. New Type Counting Rate Meter. 

The above mentioned disadvantages. will deus 
eliminated by applying a variable time constant as 
tank circuit which consists of a capacitance Be 
directly shunted by a Meagher and Bentley’s a 


logarithmic tube®. Fig. 2. shows such a tank a4 


a) Response of the logarithmic tube. eben cra. > : 
The relation between V (response of the Br 
diode) and ¢ (current through diode) is 3 
= —(800kT [e) ing-+-onét. i eee 

=— (69047 /e) log i+-const. ne haz 


where kis Boltzmann’s constant, e is the elec- ; a 
tronic charge in e. 8.U., , and T is the temperature a 
of the cathode. When a steady state is reached, 

the average current through the diode must he - 
equal to. that flowing into this tank circuit, or 
qx (q is ‘electric quantity of one pulse and x is 


the average counting rate). Then this current — aa 


=~ (690 KT /e) log nq + const. arin (2) a 


vf 


measurement of V. 
b) Statistical fluctuation. 
If the pulses obey Poisson’s aisteibanion! the 


expected fractional standard deviation caused by 4 
statistical fluctuation becomes ; ti 


o = (2eRC)-* (3) ‘ 


A 


where ¢ is a fractional standard deviation in the 
case of RC tank circuit. In this relation, Rand 


C have constant values, but in the case of © 


logarithmic tube,~- the corresponding resistance 


j.e. dynamical resistance is 


R= d(—V)/di = (890kT/ei) = (890kT/exgq) (4) 


. 


therefore Ba. @) becomes 


A= exp a const. (80027) 
B= = 800KT 6 we (oa eee EE 


(I) In the case of qa A exp VIB) ive. ‘ 
e the counting rate is increasing. 


39 2p -nt@r—ae exp 0) 


“ay in the case of es exp CV i. e. - wh 
the counting rate is. decreasing. 
From Lea @), : Ps r ae 


= ees wee Constante Fractional Standard 


_ Deviation Tank Orit: cites se ey os “= Son, e0 


a - ad 4 


web le time constant of constant ra es ce Moraditce: from Ea. Ox and (10) aes 
ee deviation. ‘ Eee 


iprium time. 


shown in oe 2. charge in capacitance = Combining Eq. aa) and as, fle 


seat ae - a 


interval C bed is 
. dQ=cav 
Qs hes changed alee ae anproache 
equilibrium: value qr. At the 
Tee ‘differs | from its equilibrium 
than poletiee error Pqe. 


rs 40% deat ide St: 
4 i becomes from Eq, (1) 


is ee (e const. / 300 kT) exp (2 Ve/300 kT) (7 ¥ : acetate a 


- —dQ = gadt—exp (e const./300 KL). 5 ¥ 


exp (— Ve/300kT) dt = —CaV 


: i 


Tes = + stewtel og 


V 
; Tien om exp (e const. /800 kT) exp (— Ve, /300kT) 


> ete 


2 Sw 
ee er Ee 
Sag. aa Equilibrium ft Pe» 


100 200 500 1000 20m S000 


\. For C= 24 uf, ¢=10-§ coulomb, and B=-0.1 
4 volt, p becomes nearly 3%, T. is the minimum 


_ time to obtain counting rate x after measur- . 


ing counting rate Los 


Bs = 0. 1 volt then p = 3%, and ones for x=1see-!. 


and 5000 see-1. are shown in Fig. 4 
é Error of areading 


As the seale has a logarithmic one, fe cenond 
_ probable error of reading i is constant throughout 


the whole Penge of the scale, -and 


Pn= = nm 
“where BS : 
- Pm: fractional probable « error 


“GREOSE per ao cod + Sa 
es KL 108K2, 


Gt eis 50 “Wi~Vs: 


A pulse... 


Ps; ae ig i : ens ; Lye es : +90V +2004 


fom 50K 


6C6 as usual: pentode, Vins 


cuit will be clear, but still there exist some pro- 


_ place as the available upper limit of the logari- 
y thmic tube current is 30 A, then if we take 10: is 


6C6 as diode connection, V; : 
73 C6 as triode connection, E, and 2k @ vari-ohm are for compensation of dark 
ca current. C, = 50 pf-condenser is used for equalizing of electric quantity of a 
And r9.is- Lee half wave rectified X-ray. 
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nm: ratio of full scale to zero scale 
m: fractional probable error at the full read- 


< , ing by an ordinary division. 


s ; 


30100 200 S00 1000 2000 00 
Xe sect, ia ae 


bs 5 to | 20 


Fig. 4. ~ Equilibrium Time ae y= land ‘ 
“1 X= 5000 see-!. es eeieee 
Other figures are the same as in Fig. 3. 
It is recongnized that the measurement of ata 
high counting requires very short time. 


Practical Circuit of the. Counting 
Rate Meter. 


§ 3. 


t 


Froin above analysis superiority of our eir- ¥, 


blems which ought to be conquered. In the first 


as the’ range of intensity measurement, the : - 
minimum current will be 0.0034 A or 3x10-® Amp. s 


49S 


~/45v(E,) 2kKR- GOK Qe 


‘Fig. 5. Circuit of Constant fiyastionel ‘Standard Deviation Type Counting Rate I Meter. | 


955, V.: 


-ponse of logarithm diode). In consequence. of 
i modification, this- tank circuit must be acted 
by’ positive pulses. 

In the second place, the electric charge of 
pulses is controlled by a capacitance charge 
In Fig. 5. tube V; is 
perated by over load, and tube V, and V; are 

a tifier triodes. — 


der constant voltage. 


‘By supplying sufficient 


-eircuit skews in Fig. ae ine supplying n n a 
‘potential to the plate of tube V; and a little. 
positive potential to the cathode of Vz, perfect 
linearity is obtained over the range ‘of counting 
rate from 0.5 to 5000sec-?. And the probable | ‘ 
error caused by statistical fluctuation using 


0. ore accuracy meter is ne all over the range 


ey Saab For this perpoee it is ‘penefitable. to in- 
sert a 50k@ resistance to the tank circuit. The 
whole characteristics are shown in Fig. 6.-: 


84.0 Conclusion. 


As shown above the error of this counting 
rate meter originated due to statistical fluctua- 
tion has a constant value and measurement will . 
be done. by only one scale ‘throughout the whole 
measuring range i.e. from a natural counting 


up to the saturated counting with less than 326 


FY $ 


te 


ran . 
ee y ite : “ 
“40 
poeieors nay (s70) 4 
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* oe 


Se : 
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eae 
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a& 
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100 200 5% {200 2000 Sooo 
Aco 
> 


'S I0 2-. 50 
Counting rate X -in sect! 
6. Chareteristics of Gohstant Frac- 


tional Stantard Deviation Type 
Counting Rate Meter. © 


probable error. ~The time required to obtain a 
satisfactory reading will become minimum w en 
the counting rate is sufficiently high and 


; maximum accuracy will be obtained at this chia 


In. coneliision authors 1 wish toO3 express t t 


~ 456/45. ‘ is 
(2) - Meagher and Bobi Rev. of Sel Inst. 
(1939) md Vs a 
on 10 


Sees. 


4 


yak 


Sf: Introduction. 

"scattered by proton has been usually measured 
by analysing the relative numbers of recoiling 
_ protons. Therefore’ the results relate to the 
_ neutrons which are scattered backward. The re- 
_ sults hitherto obtained show the isotropic distri- 
While, 
detecting the seattered neutrons directly, the for- 


- bution at the energies of d—d neutrons. 


ward angular distribution was studied by S. Kiku- 


"methane or hydrogen gas at high pressure. This 


ing cross sections at several angles which they 
_ obtained were. equal within realatively large ek- 
a “perimental errors, but their absolute yalues were 
about a half of a,/4z, where 9, is the total scat- 


pt for the forward scattering can not ‘have a rea- 


distribution? ee a PA Ss 


= We ‘reexamined this point, as we got larger 


Be tousity of neutrons and, better target geometry 
ag some improvements of apparatus.: 


, a ake Haperinantal: Arrangement and 
2 Procedure. . 


Ss Experimental method was almost the same 


ik 


4 as that of the previous works.. 
- convenient to describe it here together with the 


It is, however, 


"present eonditions. The monoenergetic neutrons 


used were from the d— i reaction and were pro- 


duced in heavy ice target by unanalysed ‘beam 


of 100 vA and 300 kev ‘deuterium ions accelerated 


tt, as a Cockeroft-Walton set. _The-ion beam from 
the ion source of low voltage are e type, instead of 


“The angular distribution of fast neutrons 


method gives ‘the absolute value of the differential 
oe _seattering cross section. . The differential seatter- 


_ tering: cross section for proton. Such small values 


ce ‘sonable conhection with He “packward angular 


chi, H. Aoki and T. Wakatuki? They: used ring _ 
scatterers and an ionization chamber filled. with: 


~ 
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© Angular Distribution of cyl Mev Neutrons Scattered by Proton. 


By Yukiyasu Opa, Jyumpei en and Shetaco YAMABE. 


Department of Physics, Osaka es 


(Received Fly 26, p200): 


Wien type as was used in the previous works, — 


was considerably well focused, passing through 


a slit 6mm in diameter placed at the distance of 


25cm from the target. The ion beam was so 


: strong that the yield of neutrons was reduced by | 
This difficulty was 


vapourisation of heavy ice. 


overcomed by allowing D,O vapour to flow con- - 


tinuously on to a liquid-air-cooled target at the 


rate of about 0.2cc of heavy water per’ hour. 


The arrngement of the target, ring scatterer 


and detector is shown in Fig. 1. 


from the d—d Source was: aeineee by a cubic | 


jonization chamber C, with sides 10cm in length, - 


eld 
= 10, 0m 


Fig. 1. The arrangement of the target, 


ring scatterer and detector. # 
ed to a Shimizu type electrometer. 


to a quadrant electrometer. 


3em and its effective length was 7.5cm. 


_ The neutrons _ : 


is 


+ 


i 
It was filled with methane at 1 atm. and connect- | 
The detector 


C; was a cylindrical ionization chamber connected 


It was filled with 
_ methane at 50 atm. and its inner diameter was 
Both 


ionization chambers were covered with lead plates | 


and shielded to X-ray from the apparatus, @ is 


the scattering angle in laboratory system. The 


com Ge ‘erie from the target, and 4I was the _ 
ring scatterer was placed in position. An absorber 
affin cone, named B in Fig. 1, was inserted | 


‘the absorber in both: cases. fe 
= total scattering ¢ cross | nection. ‘ 


6. Theréfore’ Ee" ‘respresent 
_ energy of scattered nigutrons.; : 


Table I. The size of ring scatterer and neg Aa angle. : 


Inner Outer a Scattering — Puta "Distance between i 
diameter diameter. angle 8 > target and — See 
in cm 2 ICM: _ in deg. detector in-cm : 


“aes 


Bete ae 41 
“33 45— 
4345 

2245 
224 Se ae, 


4 


section the data 
Bailey et al’. 
ee A = factor whieh’ w 
ae correction for the a 
- * double. beattering of 
Perey 


_B. N: -0(8) Ph F612). ale): Eo 


TRO AMEE a 


detector C; Cae 
Bales ‘distance between the target and the 
ring seatterer and also between the 
ring’ seatterer and the detector’ Gren 
N= total number of atoms contained in 
the ring scatterer 
VFO) represents the effect that the sine 


3 A and the energy of neutrons from target 


of ates. ‘The ean Cc represents the postion ; 
at. which the collision of neutron - with nucleus 
occurs. In the case of proton, the scattering is 


~ not isotropic in laboratory system and moreover 
Be eateone lose their energy through collision. The 

_ value of a Ee)- Ee which is proportional to the ° 
_ ionization current in the detector Cy decreases 


fe as Eo decreases. This relation i is shown in Fig. 3. 
_ The decrease of the ionization current due to the- 
- neutrons which run in the direction to the detector 


. a(He)+Eo in Mev. barns 


ne i ee eee 4 
~ Energy of nutron Eo in Mev. — : 
Fig. 8. The variation of o;(Zo)-Ko 


q ape ca eee the neatron energy. 


Biafter the Seu alain at the” point Cc and are 
_ scattered out at a “point E in Fig: qe éan not be 
z compensated by the ionization current due to the 


_ neutrons which enter into the detector through. 


~ double collisions at the point C and F in Fig. 2. 
: After numerical calculation about the actual geo-. 
metry, we. determined the factor A. In the case 
of carbon or oxygen, however, we may assume 

for the purpose of correction that the scattering 
fe of neutrons is approximately isotropic and elastic. 
= Hence, we may neglect the effect of the double 


x seattering. As we take account of the absorption 


= only, we put A = exp (=nto;!/2 cos (@/2)) in the first ~ 


approximation, where nis the number of atoms 


contained in unit volume of the. scatterer and ae 


4 is the icine of the scatterer. 


3 § 3. “Result sade Discussion. 


“The results are tabulated in Table IL for 
ie proton bende in Table Il for carbon and oxygen. 
3 The differential scattering cross section in 
E ‘the center of mass system o(0) shown in the sixth 


r column of Table IL was calculated by the formula 
a oe = Ohi cos. 8, where = = 20. ‘The values in 


' to be PEDeE TOS: from onions ess ‘The 


: for the ‘scattered neutrons. 


a 


large. 
“also for oxygen. We were ‘obliged to use much 
-quartz_and silicon. 


poor definition of the scattering angle. 
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Table II and III were the mean of several ten 


measurement and the errors were the standard — 

error plus errors from the correction factors. 
In Fig. 4 o(0) is taken as ordinates and the 

scattering angle in the center of mass system o. ; 


a Thin paraffin 
o Thick Sieg 
x Water 


50 260 (e) 
“Scattering angle in deg. 


Differential cross section in barns 
* *« Fi , 


Fig. 4. The differential-scattering _ 
cross section of 3.1 Mev neutrons seat- 
tered by proton in the center of mass » 
system. Abscissae are the scattering 
angle in the center of mass system. 


as abscissae. The dotted line represents the value 


- came mainly from the errors of the total scatter- r 


ing cross section which was used in the ealeula 
tion of the sensitivity of ‘the ionization chamber | Z 


Graphite used as carbon sample was not: com 


pletely pure and contained ash by several percent. — 


Therefore the values of scattering Cross - sectioht: 
for carbon shown in Table III may be somewhat — 
We could not find the suitable sample 2 


The differential scattering 


cross section for oxygen was the value under the | : 
‘But the > : 


contribution of carbon or oxygen to the value 


AI/I, of paraffin or water is small, about ten per. 
cent, and the circumstances above described did 
not so greatly affect the values of the differential. me 
‘scattering cross section for proton. as i 
From present results: we may conclude that : 
the forward scattering of Sil MeV neutrons by = 
proton is not inconsistent-with the isotropic scat- 


_ tering. Even the present results, however, have | 


somewhat large errors. To obtain more precise 


3 Table tai “The ‘differential scattering cross Seth of 

~ seattered by proton 2 in the center of mass ‘system. 

‘Differential — 

A.’ > 2 Cross: section © 
in barns - 


; -Seéattering Seine af ~ (III) eee 
angle 0. its weight for proton Fi 
- in deg i in percent : (0) 


= 


44k 10 Paraffin 60.7 2194007 . 0.8 084 0, 0.166 + 0. 022° 
| Paraffin 94. 3.10 + 0.05 0.85 . 0.69 0.146 + 0.017 
oe Water 94. 292+0.06 ° 0.85 0.78  — 0.156 + 0.019 
66-10 Paraffin 71. 2.064006 0.81 0.84 0.163 + 0.020 
ihe Paraffin 1414. 3.88-0.07 = 0.81—s«iGT (ONE + 0.019 
PA geste Fok Bavatin -96.8" 1 6B 00ba se 2 ert ae eed cae 136 - £0. 019 

4 Total cross section 9,/47 = 0.177 + 0.009 barns® BERN : ; 


7 


5. fe, 


Table Il. The differential scattering cross section of 3. 1 Mev neutrons > 
scattered by carbon and oxygen. . 4 


x Scattering Seatterer and “(ality mr es: ech aae Differential ie 
- angle\@ .- _ its weight for proton © Fi0) eA cross section > 
in gram in percent (0) i Sie Ft o in. barns 


Graphite 153 «8740.08 =, (0.85 «= OB8T—(OBTL LO. 026 
Oxygen 214 0.58+0.08 0.85 0.95 6. 143 ae 0.026 « 
(Si0,-Si) Gn Ten “ener, as Neer 

‘Graphite 157 < 1.43+0.06— ‘on: 2° 0.91 ese 12 + 0.026. 


& 
At 


posure 187 5 1. 10 + 0.09 eee eset peer “ siomt teat 
3 ¢ er ee on eS Om 
= 1.88 + 0.02 ode a Satpe ns Sa ae 


_Baveation, f 
a) f yee Se. f >. Be 
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neutrons of mean energy 6.5 Mev. 


On the Scattering of Fast Neutrons from Li-D Reactions. * 


Total seattering cross sections for 37 elements have been measured for heterogeneous fast 
Irregular variations of cross sections with atomic weights 
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~ Abstract. 


_ were observed at magic number nuclei but they were not all smaller than the neighbouring. nuclei 4 7 


as is the case for inelastic scattering or capture processes. 
Other large irregular variation of cross section was _ 


cross sections become large at those nuclei. 
found at Ti. ey 


1 9 ee plateoduations 


if \ ; 
The scattering of fast neutrons were studied _ 
by many authors. Dunning) measured scattering 


ross sections of Ra (a) — -Be neutrons for 17 


elements and concluded the cross sections to. 


vary as A2/5, “where A is the atomic weight. 
Later Kikuchi and Aoki@ measured the seatter- 
ing ¢ cross sections using monochromatic neutrons 
from D-D reactions (2.5 Mev) for 37 elements. 
They found that the scattering. cross sections do 


not increase monotonously with atomic ‘weights. 


Aoki® showed that the scattering cross sections 


show resonances ‘in the ener sy. rane: between 


2.1 and 2.8 Mev. aes : 4 
Recent measurements by Barshall and others“) 


‘showed many cases of resonance scattering es- 


pecially for light elements in the energy range 
below i Mev. bes 


Freier Bt ‘al: (5). showed broad resonance seat- 2 


tering for C, O, and Si, between therenergy range 
of 2.5 and 5.0 Mev. 


Therefore departures from monotonic in- | 


crease of cross sections with atomic weights as 
were found by Kikuchi and Aoki may partly be 
interpreted by resonance seattering of neutrons. 

oe. In. fact, 
Amaldi et al(® (14 Mev) and Sherr (25 Mev) 


using: more energetic neutrons, 


obtained the: results that the scattering cross .° 
sections ‘increase monotonously with atomic ‘Ge 


weights. 


point of orbit model of nucleus, 


-appear to be 2, 8,.20, 50, 82, and 126@). 


fast neutrons may also.show some sort of, ir- 
regular variations with atomic weights in the. 


-of neutron energies should be greater than the’ 
. » spacing of resonance levels of compound nucleus. 7 


- levels. ° ee ee 


reactions consists of several groups. up oa 14.5, 


It is probable that elastic scattering 


We have reasons, however, to expect that 
densities of nuclear energy levels do not increase 
with atomic weights regularly as are expected = 


from statistical nuclear models. From the stand ! 


nucleons fill ; 
successive closed shells, and the closing numbers tae 
These — 


closing numbers (magic numbers) were deduced - a 


empirically and found many evidences in later — a 


works. 
We thought the lehaiter inate cross sections for 2 


neighbourhood of these magic number. nuclei.* oe 
For the investigation of this point, the width 


to avoid the influence of individual resonance ~ 


’ The spectrum of fast neutrons fan Lied: 


Mev superposed on the continuous group on the = 
low energy side. 
- It seemed very appropriate to use these Li-D 
neutrons since the mean energy measured by n-p 
scattering cross section in the present experiment. _ 
was about 6.5 Mey, which leads to high excita- 
tion of compound nucleus where the spacing of * 


energy levels is very close, and morever, effects 


j RS : 
x S. Yamabe and J. Sauada, Lecture atthe Phys. Soc... 
Meeting at Tokyo, April, 1950. 


a of resonance Aeyels would be averaged by the 


_ heterogeneity of neutron spectruiii. a 


~ Kikuchi and Aoki@ ‘measured also the scat- : 


ree of Li-D neutrons, but as the deuteron 


« 


iy the performance of Osaka static generator . 


e can now accelerate deuteron beams up to 
out 1 Mev, and it seemed worth while to carry. 
‘the experiment on the scattering of Li-D 


euitrons ueey better conditions. 


“Experimental arrangements 


Zs and 
es Be cecdures- 


a utrons were. produced in bombarding a. 
target of- metallic lithium” by 0.9 Mev un- 
olved Ganteron beams accelerated by the Osaka 


spheric pressures Ganson to vacuum tube 


trometer was used.- The. chamber was 3 0 em se 


iron wall 5 mm ‘thiek. Doubt reentrant 
Jac system was ‘asad: and alle eee field 


) em apart from Littarget in the: altro of. 
eron beam, A similar ionization chamber | 


shielded by ie sheets: of 8 mm icin Be 


_ Effects of X-rays and Y-rays : 
- Both chambers were Proved to be insensitive 


4 reactions, the effects of prays must be estlins Gea ; 
For this purpose we placed a Geiger-Miiller 
counter. inelosed in a lead. box of 8 mm wall 
ge cktcse at the position of the: ‘ionization aba 


counter was compared with r-rays ivoks the 
ee any. of radium- source and ‘intensity. 


‘measured. Tt amou r 

by Li- D ‘neutrons. In ‘this Sati : 

sumed that the ratio of the efficiene s of G 
Miiller counter and the ionization cha ber 


effects of eae of 1 6% isa reasonable . 
as the number of quanta of r-rays is estimate a 


- to be 3% of that of neutrons by ,Bonner et al 


The effects’ of T-rays being very small and o t 
order of experimental errors, ‘they were neglee a 
“in calculating the neutron, scattering ross 


a 


tions.” & yaw TO aon: eae ef 
Derivation of the scattering cross" 
Total scattering « cross sections were : 
from measurement of the decrease in neut 
intensity when scatterers were place d 


between the neutron, aunttes and ‘the 


& chamber. 


transmission. Correetions due to tiewtro 


‘the following forma. = 


n~ 


tion of ‘the first tind, and A the atomic w v 
The value of hk was taken as 5.65 x 12! 
‘corresponds: to neutron» energy” of - 


accord with the proton ; seater 


of 1.29 barn. rt 


tion chamber. iE was 1 


ip 


_ Z is atomie number. 
Bt Pre oe “ye 
_ Dis diameter. < 


ing of Fast Neutro 


Table I. 


* 


ns fi rom In-D Reactions. 


| Moleeute | BiG | Size of "| Transmission in 2% | Atomic cross| Kikuchi — 
; LEC ness of tt dection i Aoki 
HE ioe used scatterer me pes fe hy BR =e corrected in 
fy sire in g/cem?- ‘ --| Measured | Corrected oem 10-74 em? 
Sea eee eee 0.984 © | D=5.1 $51 | 84.341.3|1) 
A! | AC ya 1.96 -| D=5:0 2.3 70.7-1-4 | 1.2940.06 | 1.74+0.05 
ast: 2.94- D=5.0 58.0 55 641.0 oe 
| 8 | LiCy20s;2- 4.02 D=3.6. 69.5 68.8+0.7 | 1.98+0.28 | 2.47+0.18 
= 5 | BOsp 4.90 D=3.36 69.5 68.54+0.5 | .1.57+0.19-| 2.02+0/13 
6.\C. 4.64 5.05.0 69.9 68-140.8 | 1,6440.05| 1.22+0.04 
8 | OSiy: 7.46 | D=3.6. 64.2 63.241.0} 1.9140.11 | 1.320.06 
9 | Fars | 9.43 2 \= D=3:6 56.4 } 55 240.9} -2,10+0.14) 1.2540.11 
Tipe eee specsiels : | 
‘UL, | NaGipOs | 5.3, _D=3.3 69.5 68.640.8 |} 2.5240.26 | 2.27+0.09 
| 12 ~ Mg 3.09. | 8.57x3.54 84.9: | 64.241.2| 2.244+0.19} 1.8040.07 
13.| Al ~ 7.08 D=3.62 70.4. | 69:441.4| 2,2940.13 |. 2.0840.05 
14° | Si 8.72, | D=4.5 67.7 65.8-40.3 | .2.2540.03 |.1:9449.0b 9° --* 
16 | S_ 7.46, | D=3.67 “70.4 69.3+1.1 | 2.60+0.12-} 2.18+0.09- 
PAT | ClCys 8. TE D=3.6 10.0 69.0-£1.5 | 3.07+0.22 | .2.4440.07 
[ et - 8.59 D=3.6 TBS“) 70 641,1 |p : to 
19 | KI {| 1465 | pase 62B | GE DaL ol}; 291E0-84 | 8.042011. 9% 
20 | Ca 6.72. D=3.6 712.7 71.440.9| 8.8940.15 | 8.75+0.17 
Laer te 7.48 | D=3.6 Hh. 2? 70.141.1 gos Bdic 
10.77. | D=3.6 623° | goacoe f 224422 | 2664021 
10.88 D=3.6 | 59.8 | 58.441.1) 8.3440.28) 2.9440.08 — 
13.06 ‘D=3.6..~ |, -60-6 - 59.140.9 | ..3.6640.11 | 8.0940.09 
16.40 D=3.60 60.5 58.5+1.0 | 3.02+0.10 | 2.7440.08 _ 
13.38 ~ D=3.60 66.2 -64.641.0 3.16-40.19 | 2.864008 — 
15.16 D=3.64 | 54.2 62.841.3 | 3-2740.15 | 3.0140.05 — 
Se eee oe vs \ padi v2 5 ; 
16.14 D=3.64 66.6 64.640.9 | 2.92+0.09 | 2.8440.07 
14.42 -|. D=3.6 63.3 61.6-4£0.9 | 4.1440.18 | 8.7440.09. 
6.92. | ‘D=3.6 1.4 76.241:8 ptbee 
127 <4 Da38.6. est | @1.620.8 |} 4220-88 | 3-2940-23 — 
4.58 D=3.6 80.9 * 80.2+0.8 PRE. ate Ss Ls eran 
10.47 | D=3.6 | 59.8 | 68.541.8 } 4.744044) 4.894021 
4.27 | D=3.6.. |. 62.7 82:0+1.1} 5.6140.68 Jie 
12.9 6.06.0 75.8 71.940.9 | 5.82£0.22 | 3.9040.12 — 
17.74 | 6.0x6.0 67.6 61.6-41.4 | See 
16.19 | D=3.58 | 68.1 65.74.08 |t 4-9040-18 | 4.100.165 
18.4 BA x6.0 5) 69.7 64.1+1.1 pes eet 
15.02 | D=3.86 | 7.7 | 69.9+1.0 f 4TOH0.14) 8.922018» 
16.00 <7 “D=3-63: 68.9 67.1409 | 5.5940.14 | 4.5040.138 
17.95. | Da3.6 | , 65.9. | -63.741.0 } 5.3040.17 | 4.590: 
4,49. D=4.5 84.3 ° | 83.140.9|) ~ : ee 
6.81 | D=3.6 | 766 | | 75.54+1.6 |( 5-47+0.46 6.114: 0.225" 
10.72 a D=3.6 | 67.3 | 65.8+0.8 Soe 
7.62 | D=3.6. |) 3.4 172, 241.4 | 8.290.76 
99.56. | Da3.6. |". 67.6 | 55,0+0.8) 7.0940-18| 5.904015 & 
25.3 D=3.6 60.9 | 58.241.0]. 7.1040.25 | 6.944019 
23.74 D=3.63 “64,2 61-441.1 | * 6.7640.25 |. 5.57+0.13 
SBS Ta 2 DB 751 wh 68.0+0.8| 6.6140.17| 6.7740.22 ~ 
1257 D=3.6 | 66.7 65.141.0 | 10.2040.67 


- neutrons in their experi 


‘ 


As seen from Fig. 1, the cross sections 
on a amnceel curve which ‘rises rapidly w 
atomic weight up. to Ca. From the. value of 
‘barns for Ca, the cross section for Ti falls 
low as 2,34 barns. Then the cross section et 


jagain rises up to Zn. The next irregular poin 
occurs at Sn, where the curve shows a dip 
Similar dip observed at Bi is more pronoune ced 
7m and the value for U is as high as 10. 20 barns 
comparison with the value of 5.61 barns for 


on 
‘The cross section for Ce is seen to be fairly 


* large than the neighbouring nuclei although the 
_ probable error is relatively. large on account of 
the small quantity of the specimen. Sey 


aa Discussion. sei ; 
We shall examine the ‘anomalous behavio 
the cross | sections at closed ‘shell nuclei. w 


may suppose, on the shell structure mod 
nuclei, that the density of energy levels at 


S Mi the procedure mentioned in section aes shell is so small that the papeuse cross 8 
values shown in the eighth column of Table 


of neutrons becomes: very small, m 
In fact it was pointed out = “Maj ye 
capture cross section of neutrons. al 3 


neat closed “shell nuclei, and for fast ne 
mean energy h Mev, sis and ‘Sherr 


about 100 from the neighbouring nuclei, 


at 


Dips of ‘cross sections at =i} fet at 


ae beginning. As the whagee een curve was’ 
; oroved to be exponential, we can regard it as 

another. proof that the effects of X-rays or 7- me € (od 
? ‘ays, can be neglected in our experiment. 9° n=8), we. ‘and the cross. cane for is Ca 


In the last column of Table I, the. values “of 3 and Ce to be Inet: ann, oe 
aoe and Aoki are shown. ‘As their ‘cross: <M, : 


idok: at. ‘the fathers magic number 
Es vic ae is Bey ca (n= 


_ distribution of scattered neutrons to be isotropic, 


Sy; plot we nuclear radii 


\ 


in the present experiment. From the value — : weight (A) by t 
cross section for proton, the mean energy of 


oe Neutrons from Li-D Seactions. : st 
rool ree: ee "1 ' r 


rend ile ai 


closed shell nuclei. 

. Therefore, the large values of total cross 
‘* sections for magic number nuclei must be ascri- 
bed to elastic scattering. 


Total cross section in 16° cm? 
v 
foe 
+ 


SMV ay 


js 20" 50 


Pp 20 erty, ) 50 


5Oi-s. 0 i" “100 


i 


; ‘We must, however, think of that the total 

cross section we. have measured ‘is the sum of 

elastic scattering, which has been interpreted 

as the diffraction of neutrons by nucleus, and ; 
the process léading to ‘the formation of com- 
pound Rucleus such as the inelastic Serine, 

tesration, and capture. 

- The probability of the latter Process is 
Bodetnea, ‘without doubt, by the energy ‘level 
density and is small. a closed shell nuclei as ‘is 
demonstrated by the experiment of Hughes and 
Shermann. The observation of T-ray intensities S 
produced by inelastic scattering of D-D neutrons 
& Mev) 2 Aoki’ also. phos small values at. 


eee te Ghia _ Atomic weight A | | 


_ Fig. 2. “Nuclear radius R caleulated from the forsaiita o¢=2xR’, plotted against Alls, 
-where o is the total cross section and A, the atomic weight. 
represents the relation R=14+41.6 Alls, 


tering of D-D neutrons by Ca. 


WwW He Pb U 
ie Bi 
e 
62 a 126 
‘ BR 
150 200 
of 5, 


The straight fines 


‘ 


As the ratio of elastic and’ inelastic seat- e 
tering: is not accurately known in the present — o 
experiment, we shall examine the case for 

D-D neutrons which were. studied by Saar and ne 
Nonaka. (1%) ~ : abs (3 “ae 

Aoki found no, 7-rays due to inelastic seat- : - 
If the cross sec- 
tion for inelastic scattering do-not become ano- Ses 
malously large for our Li-D neutrons, we may 
expect the inelastic scattering cross section for i ‘ : 
Ca to be also very small than the neighbouring “— 
nuclei. Therefore, the large total cross section 
of Ca found in this experiment shows that elastic 


scattering cross section is very large for this © 


‘magic number nucleus. 


' Nonaka measured the absolute cross section 


of inelastic scattering for Cu‘and, ‘combining his~ 
result with that of Aoki, obtained separately the 
eross sections for elastic and inelastic scattering 
of D- D neutrons. His results show, besides other 
‘small | irregularities, that elastic scattering cross 
Pesdiiens are very large and inelastic scattering 
‘cross seceions ,are small for K, Ca, Sr, Ba, Pb, 


tering may be expileitied Gaultakieas: follow- 
the consideration of Bethe on the “‘continum 
é cory of nucleus, In this ee the nucleus 


oe 


Dix acne of eS eae nucleus 
9ends on the diffuseness of the nuclear boun- 
ary rather than on the nuclear radius R. If 


uld be a large reflectivity and a small stick- 
; probability. Elastic ‘seattering is the reflec-_ 
‘i n ‘from the nucleus and interpreted as shadow 
r - diffraction which goes mainly in the forward 


omes ‘from the diffuseness of the region Aaa 
“ ied by the particles in the nucleus and 


It seems plausible to think that at magic 
sf number nuclei the diffuseness of. the nuclear 


(4) ; 
* Kikuchi et al. studied the iadinwths scattering" of Ra + 


Be neutrons, with similar energy distribution as Li-D 
_ neutrons, and concluded .that the general tendencies are 
_ almost the same as in the case of D-D neutrons. This fact 
_. may be regarded as the justification of the above assump- 

3 tions. _ Of course, the study of -inelastic Seattering of Li-D 
eutrons are desirable to draw decisive conclusion and we 
are now going to investigate this problem in the next work, 


cles ‘this ages to small i 

and large elastic scattering. 
There is another — ‘evidence in favour of 

idea. Forward scattering of D-D neutrons w 


studied ty us and the result shows that ‘general 


forward scattering becomes more ‘prominent: wi 
increasing atomic number.( _Inspite> of th 
general rule, neutrons are more scattered intl 
forward direction by Fe (Z = 26) than ‘scattere 
by. Cu(Z = 29). From the abowe idea inela 
seattering should be larger at Cu than at 
Aoki observed for Fe about 8096 more Tray 


than for Fe due to pupal: ‘scattering of 3 neu- 


of Kikuehi and SOR The differences, should 


> Teree ala variations of cross sections ‘up to 
Ga observed by Kikuehi and Aoki became ‘smooth 


can not be interpreted as ‘energetic x 


- phenomena. se 


are also suet to Mr. 0. r peice | mee nia 
nical assistances. © oat eo ice 
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On the Those of ‘Shock Waves. Becdnced by a Rigid Wedge Moving 
through an . Elastic Mediom with Supersonic Velecities. 


ee By Ken-ichi KUSUKAWA. 


ee Physical Institute, Faculty of Science, Tékyé Metropolitan University. 


m, i ‘ - 


ae Introduction. 3 


P % It is well known that there existe. a solution Ms 
liscontinuous through a shock wave when an ob- : 


tacle moves in a compressible fluid with super- 
sonje. velocities. In this paper we shall discuss 


he shock wave, which is grown when the two- | 
limensional wedge ‘moves. through an “elastic 


nedium with supersonic velocities. 


0). Cumndamental equations. ; 


ec: We shall take é-axis which divides the vertex 


mgle equally, /and 9-axis orthogonal to £-axis. 
Assuming ‘strains to be very small, and put- 


ing Varev, ove’ Va= Un, We have 


Veie?ve/0% = = (ale)dve+{Q +a)fo}a/oe(aiv vy @, 1) 
a 


VeP?o[06? = -(nl0 ligt (a+ 1)/0)8/ an(div ja 2, 2)" 


vhere Voi is fehe speed: to uniform general flow, ° 


’ stants, 


‘where ees UC Saag ca 2 


. where M= 


§3. 


“(Read April 6, 1947, Received July 17, 1950). 


and V = (vz, Un). 
0/04(2,2), we have, 
A= M)8 div V/0E"-+ 8 div V/d7? = 0, 
= V,/¢e a ya: 


oad M is the Mach suriber: 


wae ealculating 8/0&(2,2)—0/0n(2,1), we have, 


_ (1— M8? vot it VaR + oF rot V/ar=0, (2 ie 


Vi et2u-v? = = ViCr i 


and M’ is the Mach number in the equivoluminal : 


case. (2,3) and (2,4) take the form of the wave 


equation. é 
Irrotational case. 

In this case rotV vanishes, and from (2,3) 
we have 


div V =falé—V M’—17)+f,(6+ Vv M17). (8,1) 


_(12) H. Aoki, Proc. Phys. Math. Soe. Japan, 18 . 


A 


Proc. Phys. : s 


0 is the density, 4 and w are the Lamé’s con- oe 
Calculating 0/0&(2,1)+ 


ete 


* vertex of the wedge) with the inclination 


Considering sin x = 4M = lV y= 
+ Sin-/M, eae « is the Mach angle. ; 


' we have Wi = Ce. - a aoe 
Therefore: the formula (3, 7) containd no co 
tion. Jah ese epee ae 
W,-can be Astactaunll from the geometrical con- 


pe, ; Ff f the flow, 
spectively. And suffices ‘‘1”’, “«2’’, represent pia = sie: 


e quantities i in front of, or behind, the shock wave. 
pectively. And the half vertex angle of the 
From the continuity of ‘mass, we na = Co = (A+ 2u)12-0- 


_ Ww; x tan (@—nytan 2, vy 


The stresses are given in the following form. 


x eA Tod ; “3 aint es = (242n){tan(a—r [tan ee 
Ae » Gry Ox, = Wiss ot rai =, ae 
Ter, saeces = 0: 


when r is wid small, ars is reduced 


i Be oe 


att fe cone nH — -tan ten Bs ,: 


OW, = 1W, =m. aa 2) “wedge” 8 surface must be : ice pee 


\ 


. / os 
== — =| -1, : 
the continuity ‘of momentum, we 2 have es as pkein 20 na tate cos £20 ny | 


(W— Wi) oxcde = (A+ 2u\(en,—-en), 68) ‘Because 0 Cal) <A a 
_ be realized bgee gee yee 


s 


relation j i res ect of, € and Pee 
aM ich represents the ‘denaitiag of ‘non-rotation. R : ie te 
From the continuity of energy, we have — {0420 2H ez— —t2, 2) Yea B+ ey 


* {22 e2, bey) A+ Yeegteay)} Beers 


ae W22)-+-(m/20,) [fee ee 
(2) 1°) + (m/2o,)L fc gt Fxg + Eg} = Mea her)(l/er—Ver)+(2 +3 


Aen, +8y bee, P+ 2u(e7z,—e?71)] = 07,W.—97, Wi ~ 
=A(Ox+ey,)(Wi— Wi)-+(A-+ 20) (t<gWa—e2, Wi). (3, 5) which is ‘corresponding ‘to 


‘i Fe: Then, we assume the continuity of the shape and rai he the com pr pressible uid. ii 


a the’ area of the section of the tube of ow. That : re 


LB -Equi-volunisat aa Ay 


‘ph, = ae “a7 , i 
, : iy fu? Gx, Erg» Tey, oH T cq) 8,6) ; "When div v= 0, from ea we 


‘rom these formulae, we get 


‘From (4,3) ee (4,4) we obtain the efllowing 
‘dition 


12x, = ae (@— ae 


Thereton, the anes strain in front of 
-shock wave must take the value given by th 


ial 


formula (4,5) for the existence of the solut 
described above. In this cage, the shearing 
is given by the following formula. _ 


\ 


TZN, Fa, = pair teen B/tan iy De a 


‘ghar stresses over the surface are 


oe 


Ting = xy! cos 828-7), re 


Ong a Gan sin ae 1). 


‘she velocity of flow, therefore. this case cann 


ofa hy aries 


be realized’ with usual method. 


. 


ee, Numerical caleulations. bie 


Pee table, Tt is | remarkable ‘that 


as 


S486 201) NBG 


| 0.16090 


0.16038 | —0.16561 | —0.19288 | 


See 2 


& 


through 2 an Elastic Medium with Pesce Velocities. Be E: 


By Ken-ichi KUSUKAWA. 


» Physical Institute, cai of Sotence; Tokys Metropolitan University 


(Read April 6, 1947, Received eee 1%, 1950) 


The petntion of (8,2) about the. cone are given 
| the following form, . tel? ae 


- A8,2) 


ad a=V, tan r{(cot? r—cot? A)!/2 
‘ -+-tan 7 cosh (cot r/cot B)} ,-} 
nd 7 is the half vertex angle, 


‘Integrating (4,1) we have, pa 


and following nen a 


m= = 00/02 = =-—a ear A age 5 
Ur = age =o etiery shat 
The, shock wave forms the cone whose half vertex 


angle is p= Tan-* (1/a) « “4 


§ 4. Sivking. 


The strains being considered to be very smal 


we have the following relations 


Ou/dt + Vy Oujdz = = Ory ; eye 
Rhea Vo w/z = Ve + Ve» ne ei: 


- where u , and w are the r-component and the 


z-component of the ‘displacement, ind tp, and 


Vi tv. are the r-component and the z-componen t 
of the velocity, respectively. . ; 


o. 


Ua fie-Vod+ “avy f’ on (r, ade, ue is sh 


es ie ae (, 2) dee e. 


ACE ‘7 ey 
4 v yy erin? 


tp = Ou/r = arvoair( Oelrss) dey ae 


00 = lr = OMe —Vot) + aval 
ees ioe = Ag Reve DeLHOly, 


In order that tha strains may af, 


‘fonetions a and afi must tke th ; 


; where A is a constant. . 


: 


ph Stes 


Sth 


Table I. 


P 85. 


number a y = 5° and are shown in the follow- 


“non rotational. : 


ing Table. 


og? ee ei 


Numerical Calculation. = 


2.00% 


-0.4964 | -0.4982 
0.4790. | 0.4778 
--0.024703 | -0.024094 

) 0.0421. |. ~0.0445 
a | oa | 0.171 


ae 0 we have caleulated the strains ae the eylindrieal surface 7 r= 


-0.5047 
0.4732 
0.022209 
-0.0537 
0.171 


0.51389 


0.171 


“10 for the case T = 5, 


0.4554 
0.019505 
0.0780 
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Application of the M?expansion Method to the Compressible 
Flow past an Elliptic Cylinder. 


Institute of Science and Technology, University of Tokyo.” 


§1.. Introduction and Summary. 


As ig well known, the two-dimensional irrota- 
tional. flow of a compressible fluid can be dealt 


with by various methods, e.g, the M?-expansion 


. method, the thin-wing-expansion method, and the 


hodograph method. The hodograph method can 


' give successful results for several types of flow, 
“but it is not suited for the discussion of fhe flow 


past an arbitrarily given obstacle. On the other 


hand, the thin-wing-expansion method ean be 


ese only. applicable to the flow past a thin obstacle, 


the region near the stagnation point being ex- 


eluded. 


Bs elliptic cylinder. 


Several years ago, Imai gave a formula which 


gives the velocity distribution on the surfaee of 
an obstacle of arbitrary shape, correctly to M4, 


-M being the Mach number [2]. 
this formula will be applied t6 a uniform flow 
~ past an elliptic cylinder at zero angle of attack, 
in order to obtain the a expression, correct 
to M, for the velocity distribution over , the 
Numerical examples will be 
given for the cases t = 0.1 and ay where t 


In this paper, 


A . “is the thickness ratio of the elliptic cylinder. 


ag j writers employing various methods, 


It should be mentioned here that the same 
problem has already been investigated by several 
thus by 
Kaplan [10], Tomotika and Tamada [11], Imai and 
Aihara [7], Imai [5], and Imai and Kawata [9] 


(the M?-expansion method, correct to the order 


of M’), by Imai [8], [6] and ‘Hasimoto [1] (the 
thin-wing-expansion method), and by Tsien [12], 
and Imai and Hasimoto [8] (the hodograph method). 


Hence comparison of some of these investiga- 


hs tions with the presént one will also be made. 
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Outline of Imai’s Method. =o 


For convenience a brief account will be given, 


[2], [4]. 


of the method of approximation given by “ 
As’ is well known, the region outside an 


’ arbitrary profile P in the z-plane can be oe 


formally mapped on to a unit circle Z= e*® in 
the Z-plane by means of an analytic function of 


the-form : ; ‘ 
g = CrZ+eytZ + mF +++, 04% hee, (1p) 


the profile P itself being expressed as 


ap = a(0), yr = yr(6). 20 

Let us assume that a uniform flow of velocity 1 
and Mach nnmber M impinges on the profile P’ 
in the direction making an angle « with the 
a-axis. Then the velocity distribution round { ine 
profile will be given by tS 
q(0) = d@/ds = (d0/d0)(d6/ds), (2 re 


where @ is the weloity. potential and ds is he 
line element along P, so that | ) 


_dzp|d0=dav/d0+idyr/d0=(ds/d0) et , (2,4) 
and hence rena 

ds|d0=Y (de/d0)+(dye|d0, be 
being the angle between ds and the a-axis. a 
Then we can write ee | 
(0) = 20) MO) ME O10)4 3 

with . 

idee ah en 
9,(6) = P,O)—Q.*()— 8, ue 8) 
21) = PLO-OM—e8, 9) 


the transformation. Ponce (2: 1), 


gu oe = 282, ace. 
_ Putting ve = ees we have 
oP = +e). cos. 6, OE = = (hs a”) sin o. 


ii ate 


ao Horne) sre +e han 


oes (w=): + Peo} ao} : 


2 acs. 


0 


Ce se iw “424, d0 


h 
i 


9 fe eat ei(w-a) Pt ]ae 


ch (a 


: = . i i A 


cope"), 
- 43(¢620— a) 
F aie -g7)3 @i8 Be ar a 
Agi (e%0— a) a ee ye 


OHO RT, 


fe =o 
208 Ss 


the. caleulation and the “Aaa expression | for 


7 


vitnder ut zero o ante Bi do,Jaa. 


nf We 


wa. 


Introducing (8.6), (8.7) and (3.8) into 2.11), 
and after integration, we have the explicit.ex- 
pression for P,(0)+7Q2(9). 
4Q,(0) cannot be expressed in terms of eleméntary 


Some parts in P,(0)+ 


-fnnetions, remaining as indefinite integrals. 
From, P,(@)-+-7Q,(0) we have the expression for 


f(z), by putting e = z. 
fz) is regular except at z=0, +e, tig. 


; and co. In-view of (2.17), we have 
SS ' she Fe) 
oy nto — 
Zen ise oni \. oe: 6.2) 


Since the poles of f(z)/(g—e*) included in C are 
evidently e,0, and +, we can write 


. 


_ d0,Jd0= 


1+? 


: cp sin 0 (log i 


Nie v a 2 
+ Ass sin 6 Li, (0,0)47| By sin 0+-B, sin 28 log Are 


; where 

t 2 

(1—o")?(9+- 5907+ 4804+ 430°+ a) 
320° (1-020 


x y 1—o’)\(2 2 
ae 


(1=o')! (8+160?- +2805 + 140°+ 205) 


cane 1607(1+02)?0? 


160703 


Mitatos awa, 


“) +(Ajs sin 6+. Aj; sin 26) Dy(e)+(Asy sin 6+ Ai; sin 26) L, (a)+ Aj, sin 6 L; (¢, 6) 


M a # we sin 6 Ly (¢,0)+ Aj; sin 26 L; (a) + Ary sin 20 Lg (a) + Ago sin 26 L, (¢,0)+ An L; (2,0)+A2. sin @ L, (4, 8 
20 cos 6 
1+-0°+ 2¢ cos 8 


_ Q=a(6+ 314? +608) 


ges ai +e/B+1408 4 Bt) 


3 C,,e"* = Res (e#) + Res (0) ‘| Ras ee 
a 4+ Res (2). @.10y4 
When we calculate some of these residues, we 3 
must alter the path of integration because of i 
the logarithmic singularity of f,(¢) at +e, +1/e. 
Sometimes we must carry out straightforward 4 
integration along the path C and express hn : 
results by definite integrals involving ¢ as a 
paramet r. In this way we can find an explicit | 
expression for DCner. Taking the real part of 
this function <8 have ©,(6), and differentiating — 
0,(0) we finally arrive at the expression for | 
d0,/d0 . . 


ad 


pilin: aig wha op toa 


fod 5 1+0°—26 cos 8 26 sin 6 1+ o*—2¢ cos 0 ; 
A;siné+A 26 lo —————— —— - pl iad Be 4 
Pee as sin °F 1+68+2ec080 “8 res ( 1—o’ )+As sinelogs oy oecon oh H 
a ys 20 sin 0 1+ 0?— 2¢ cos 6 2¢ sin 6 4 
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Be Ie { ral a RE he Fae ceed EL rat 2a cos 8 ( 1—o? ) 4 
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2)4 (14a? Bo do} a8) sda 60? —20!— 60-304 
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,arey azay 
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From (3.5), we have 


dé/ds =,+0-1? . (3.138) 


Introducing (8.6), (8.7), (811), (8.13) into (2.3), we 
have finally the velocity distribution on the 
surface of the elliptic cylinder, correct to the 
order of M*. 

To check the result, we consider the limiting 


ease o-+0 (t->1), Then we have for q 


Oy = (+ sin 50 sin 30475 sin 0 ) 


11 Vos a aie hs| | 
A 23° 8 ; 
+1( sin 56 — — 1D sin 36+ 120 sin }> (3.14) 


- 


which coincides with Imai’s result for the — 
 eircular cylinder [4]. On the other hand, if we 
make o--1(t--0), then we have for q, 


Table 1. 


KAWAOUCHI. 


Bi +(4gt yeconze 


: 3 8. 8 sin?0 
39,57 1... be 
{ ~16'i6sin?@ 8sin?d 


% 
3 Oi hoe Tt ' 3.1 e 
+r(—gtg sin 20 Taser f (3-105 


which coincides with the results of Imai [8] and 
Hasimoto [1] by the ae aes oa method 


as far as ¢*-terms. ‘ 


§ 4. Numerical ‘Discussion. 


i 
- 
| 
As numerical examples, we shall take ellipti a 
cylinders of thickness ratio ¢ = 0.1 and 0.5. i 

To calculate g,(@), we must evaluate definite 
integrals Ly, Ly.,.--Ly9. These are calculated 
numerically and given in Table 1 for the — 


t= 0.1 and 0.5. 


Ne Paar: hl ne Raker SHA Si 


| | L, | L; | 
0.1| 1.0292. | 1.0023 |. 0.9695, | 0.3058 j 
0.5| 0.221900 | 0.081822 0.445587 «0.834668 
' 9° Ei Pe) L, L. . f. Lip 
9 ~.7626 2.2668 “1.52566 | 17.0886 «6.858 8.558 . 
18 ~.2977 1.2071 2.42912 | -20.4764 1.768 1.739 
27 ~.0489 7644 2.84276 | -21.4968 - 744 589 
36 1021 5437 -3.08087 |. —21.9861 " 402) | 969 
0.1 45 2005 .4197 3.23982 | -22.1588 255 150 
54 2668 3451 3.35744 | ~22 2861 .182 .097 
63 3116 2989 -3.45247 -22.3619 | BAB To ees 
72 3404, 2707 -3.53898 | -22. 4063 980d epee 
81 3568 2555 -8.60787 | -22.4308 | — .109 050 
, 90 3617 2507 8.67881 | -22.4384 | | 
9 ~.08680 11832 |} -0.04575 | -0.89958 .179916 044521 
18 ~ 06383 10715 -0.16057 -1,64409 145702 034769 
27 ~.03571 09405 ~0.30815 | ~-2.18543 111248 |; -025265 
36 ~.00872 08211 -0.44566 | -2.55558 084594 018224 
0.5 45 01435 07241 -0.57731 2.80379 066054 013536 
54 08274 .06503 ~0.69648 -2.96986 053684 ° .010533 
63 .04653 .05971 -0.80499- | -3.07842. | 045779 “008647 
72 - 05605 05615 | 0.90559} 3.14718 |. .040652 | ~ 007508 
8i .06163' 05410. | -1.00104 -3, 18515 .037938 |  .006898 
-05844 | - -1,09398 8, 19790 tee a Hea. 


* 


= SUB: 


0.3976 


M= 0.8, are given in Fig. 1 and Fig. 2 respec- 


tively, where the: results due to various methods: 


are given for comparison. Discrepancy between 


the result by the thin-wing-expansion method | 


and the. present one is fairly large. This large 


diserepancy may be. accounted for by the follow- a 
ing fact. Near the. point @ = 7/2, ‘where the, 
thin-wing-expansion method is Base very — 


accurate, M?-expansion method is less accurate 


1 —-" 
NT ie 


ds ee : 
tee 


é 


Re 
fete : 


» Fig. 4, The: velocity Riauabatinn over an ; 
Bee hee of eb = 0.1 at M = 0.7. 


0.4530 | = --0.1896. | -0. 0516 0.9301 |  +0,0619 0, 0682 


Wee Oe8IT8 | OpadRA -0.1629 9.0513 | | 0.0120 |. -0.0181 
L006 |) 00588} 0.1868). “Aso7e4 Js, 010868 1 00178 
pe aetna ie |. c10.0708 ta -0. 0854 rode 50897 1 0.0449 


8416 >. 0.1808. 1,” 0.0745 1.0945 0.0496 0.087 


1.4099 0.2660 |’ 10,2846. 1.0971 — | 0.0522 | | 0,041 
1.4536 0.3270 - 0.8667 1.0986 0.0587 0. 
1.4806 0.3673 0.4617 “10994 |, 0.0546. 

1.4958 © | 0.3902. + Ob 88 «4! 1.0999 | 0.0551 


The velocity distributions over an elliptic: ap 
Oyinder of t=0., ‘for “the cases M=0.7 and 


rear Mob O(M*) 
oe ne Moab O(M?) (9) 


elliptic cylinder of ¢ = 0.1 at M= 
- because of large relative velocity. “On th other 


hand, near the stagnation point, “where 


contrast to the divergent behaviour of the thin F ‘ay 
wing-expansion method near 0 = 92. 


"proximations of die M-expansion method. . 


Ep >= 
i 


Table 33 “Critical ‘Mach number. es 


: approx. - €='0:1 t= OS ese t= ek. 0 : 
| eh Titec amen YG (8937. ‘| 6825. | 4668 
at 
re 


; Boke 1° | ..8672 | .6775 ) 4209 
aeaeees | a 


In conclusion the author wishes. to exp "ess 
his heartifal gratitude to Prof. I. Imai. for his: 
guidance in the course of this work, and to Mr. 
H. Hasimoto who kindly showed | his is unpublist ed 


~ 


work to the author. 
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While various aimarbods of solving the Boukinaas 
quations of ‘steady subsonic flow past obstacles 
ave been successfully applied to the two-dimen- 


onal flow, their applications have been difficult 


1 ‘the case ‘of ‘three-dimensional flow, except for 


he flow around a sphere (1, 2h [3] and very 
lendér obstacles. 


ome typical flow patterns in the three-dimen-_ : 


jonal | ‘ease. In the ‘following we shall give the 


a kine ovoid by, the method of Janzen and Ray- 


ede Raleigh's 
Stokes’ ‘Stream Function. 


For’ ‘the’ consideration ‘of the boundary condi- 


ions Stokes’ s stream function i is much more con- 


Ment’ than ‘the velocity potential. Therefore 


pay 


he equations of “motion will be expressed in 
srms_ of the 8 ream function ¥. “Also, we shall “ 


se J anzen-Rayleygh’s approximation, which may 


hick bodies. Rating : 
se ee: for axisymmetric irrotational 


oe. 
ae 


: fi - fone ner 
Rain ed av, ag “1: 0¢ age ae 
or ier a oe 8 cl) 


| Pes 


bsonic. Flow. of : a ‘Compressible Fluid past a Rankine Ovoid. 


By Hidenori Hasiuoro. 


| Department of Phijeie, Faculty of Science, Caperety of ra 


- (Received hens 25° Lae 


_ ing powers ‘of M? as 


Therefore, ‘it: may ‘be much desirable. to find 
8 and substituting this in (8), (4), (5), we have 


proximate treatment of the flow past a ‘thick 


“Method and ; 


Substitating (6) and (2) in a), we have fnall 


onsidered ‘to. ive ‘satisfactory results for Re2 


sible fluid. Hence, starting frou the known solu 


‘tion ¢ for the incompressible fluid flow past a : 


: ce thane -1} ea. 


Were M is the Mach number of the undisturb de 


flow, Which is taken as the unit of velocity, 

the velocity, o the density, p.o the undisturbed 

density, and r the adidbatic index. ; 
Assuming that ¥ can be expanded in ascer 


i Tia b+ M's + Mid, + M0,+ Sree 2 < , 


Ur = Uo tM yt: “Sa 
ue my hoy -+ M001 + He eee 
Gea Qo? + M*qi+ +++, Voie 
PR as ta 1 ag, a si De Opa 
ee Ay 7?-sin? 0 00 Y Ue rsin 6 or e 
piles 1 Gor—1 O80) , O41 ) . 
t= Faro EN ne FT TSA ate 
: rte sir 1 % seer wes Og; 
soy eae bane al 2 6: uP 


ae = Wropat 89 + 


D*¢, = 0, a eee RDN A NCR 


i 94° 1 80y- 9q,? ue ‘ 


Dy = — > 
Sag or ‘Or ' 86 06 


2 


(8a) is evidently the dquation. for an incompres 


tion for an incompressible fluid, we can find th 
first order PpEEEeEIOn 1 by the usé of (Bb). 


s 3. Application to Rankine Ovoid. 


“The velocity potential ¢, and the stream fune= 


Rankine ovoid can be expressed in the forms: 


ae r COS 7 (o-=), (9) 


i a _ rect) 
4) ‘ 


1 
= —?r? sin? @— 
6 2 T1 2 


(10) 
“where 7; and r, are the distances of an arbitary 
point P froma ap as A anda sink B respectively, 
each of strength m and situated at a distance a 
- from the origin (Fig. 1). 


Fig. 1. 


' We now consider the case a <1, with ma =1, 

i rrtct corresponds to an ovoid not very different 
In this case (10) ean 
_ be approximately expressed in terms of the Le- 


from a sphere of radius 1. 
the gendre polynomials as 
b= {= (r?—-1-)Prl(c08 0) 


at, <r-P,!(cos 0)} sin? §+O0(4'), (11) 


: where a dash stands for d/d(cos 6). 
ae Putting (11) in (8b) and making some reduc- 
‘ tion, we get 


t 


RNG ees ~9\ py 
45 a alten hl a ) Pa(eos 


! | ~a'f (Br-t+ 21) arco 


23 2 
+ (—Gr*—aern ) P;!(cos 8) 


6 
Sa i. 26 Beek 
nit ; ey « ae pd: een pe | | / \ ; 
ign ii sae ; a” p ') Pe (cos 9) 5 |sin® 0 
+0(a'), Rey ar: p72) 


my ‘This can be solved by noting that 
Yad 
sin? 6P.,/(cos 0) * 
fo ie) 
SE EENE-Q—nint” 
is a particular solution of the equation : 
| D'G = r-* sin? 6P,/(cos 0). 


Dole Thus, taking into account the boundary condi- 
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ve neve: i 0297, 0.9778. 


tions, we have finally. 

i petgr eget PY 9 

w=| (-Zer grt +4907 P, (cos #) 
1 


ORT BES SARE: RL Sy, P,/(cos 6 
+ (ar ‘—55” 767 + 389” ) 3 ( ) 


+a*f (or aor °) Py'(cos 4) 


ere a mats ib sacl 
(gr +o? pout) | eine 


a? 33 Asnyir-C"*) Plon (08 6) sin? 0, (i 
2=0 


ia , 


7 


where As+:’s are arbitary constants to be d 


termined from the boundary conditions. No? 
the form of the ovoid is. given by %=0, that. is 
by ¢,+17h = 0. Hence it may be expected»the 
a fairly large saveey of ovoid form. would hb 
obtained by assigning a suitable set of values t 
Anii. 
dr, 0) = 90 gives a so-called Rankine. ovoid. q 


For an incompressible flow” (M=0 


we want to study the compréssible flow past th 
same ovoid at some Mach number, we must d 
termine Asy+1 in such a manner that A(r, 0) = 
is satisfied simultaneously with ¢,(7, 0) = 0. Th 
exact satisfaction of this condition would requir 
in general an infinite number of Aza+i to be de 
termined. For = approximate treatment, hov 
ever, it jis sufficient to determine a few of Ain+ 


‘assuming all other \As,.1\to be zero, so that th 
' condition: ¢4(7,' 0) = 


0 may be fulfilled at som 
suitably selected points. . Some ‘numerical @ 
amples will be given in the next section. > 

Finally it may be remarked that by puttin 


.@ = 0 in (18) we can obtain: the first order corre 


tion to” the stream function’ for the compressibl 
flow past a sphere. In fact, it. can readily k 


seen that the relation di(r, Os; 0 is exactly 5: abe 


fied in this case. © an ar 


: § 4. Numerical Examples. 


A Rankine ovoid is defined by oe x =0, whe 
%, is given by (10).. After a few trials it we 


found that an ovoid of thickness ratio 0. 9 can t 
2 obtained by taking Oris 


0. 138, ma = 1. On’ th 
ovoid, 0 = 0, 7/2 correspond. respectively 1 to r= 


\ 


Ranking avoid of eiencas gata i=0.9 at M=0. 5: 
Rankine ovoid of thickness ratio bes eh 9 at M= 0.6. 


pe - The shapes thus obtained, for M= 0.5, 0.6, 
i as well as the original-Rankine ovoid are shown 
in Fig. 2, where the deviations of the two ovoids 
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from the original one are also shown in erereee 


ed scale (one hundred times. larger) 


. They r 
It will be seen af 


the deviations are very small in spite of ‘th 
fact that only three constants A;, A;, A; wa 
employed. ee 


correct to the order of @‘.: 


The velocity distribution on the surface 6 
the ovoid was then calculated for three Mael 
numbers M=0, 0.5, 0.6. For this purpose, for 
mula (8) was employed in conjunction with (7a) 
(7b), (7c), (7d). 
shown in Fig. 3, where the velocity distributio1 


The resulis of calculation ar 


on a sphere for M = 0, 0.5, 0.6 are also shown for 
the sake of comparison. Finally, Fig. 4 gives tl 
effect of compressibility on the velocity, 4q=9—-@ 
It may be interesting to note that 4q is nearly 
equal for the ovoid of thickness ratio 0.9 and for 
a sphere, a fact which appears rather surprising 
.In conclusion the author wishes to expre 
his sincere thanks to Professor I. Imai for r 
guidance throughout the present, work. 


tdi Rpoaprrvce' 


References. 


(1) Kaplan, C.: N.A.C.A. Tech. Note. No. 7 
(1940). 4 
(2). Rayleigh, Lord: Phil. Mag. (6) 32 (1916), 1 
(3) Tamada, K.: Proe. Phys. saath: Soc. Japan 
21 (1939), 748. 


plex configuration by electron collision has been 


treated by. ‘the group-theoretical method by — 


Yamanouchi, who has earried — out extensive 


formal and “numerical caluculations for “p”-con- ° 


figurations with his’ collaborators. 1) The interac- 
tions responsible for the excitation are however 


essentially, the same as those of configuration — 


interactions, so that the application of Raeah’s 
method, which proved to be very powerful for 
the theory of complex spectra,’) also promises to 
simplify the calculations to great extent. 
In this paper, we shall apply Racah’s method 
to the ‘excitation of atoms in- In, and inl -con- 
figurations by . electron collision, and give the 
general formulae for its transition probability. 
Especially, for the d -configurations, more ex- 
plicit 4 formulae will be given. S 


2 2 ! e : % zt ae : - hae ' vie ; * 


We consider the pesbabitity: that an atom in 


a Weise (@ SL), which arises from given electron, 


configuration, is excited by electron impact to a 


state (2/S'L!). of ‘the same configuration. -It can. 


be obtained as the transition probability between 
the initial State, in which the atom is (a SZ) 


state and an. electron approaching with velocity . 
ky and the final state, in which the atom: is. 


found in (SIL!) “state and the electron going 


away with velocity R. The atomic units will be i 


used for all quantities, and the primed letter will 


express the quantities referring to the final state. 


a is the quantum number which, together with 
‘ and L, specify each ‘single atomic state and k 
and k/ are, of course, velocities at sufficiently 
large distance from the atom. By the law of 


Bnservation, of energy, we have the relation : 


t 


“Excitation. of Atoms by Bleciecn Collision I. 
. Goes ae ie ie By Hisashi Horie. ie 


i Des of Physiés, Bi niverotiy of Tokyo. 


(Received August 8, 1950) ‘ 


The problem of excitation of. atoms in com- 


k? = i? —2 (Bus 17—East) . 


-state. 


; mately valid for the atom, the resultant spin s 
of the atom and colliding electron must be c 
served in this approximation. The directio ; 

a —approach of the free electron (we shall eal k 
colliding by the name of ‘‘free’’ electron, ‘thoug 
_ the effect of the atomic field on the ‘motio 


I 


electron is taken into account.) may be. 
arbitrarily owing to the spherical symmetry sf 
the atomie field, and the incident plane | We 
may be decomposed into partial spherical waves : 
with the angular momenta l’s. Thus we ‘obtain’ 
the probability W that an. atom in (@SL) 


_ makes transition to (a/S’L’) -state in uni 


“state 


by the collision of electron of unit density’ 


“esinene 
where - | 
Ve as S25 +L | 
es x (@SL, ISiLal HSU, USiL1). ra). 


WN eas 
ae a 


ie @), Ly is the resultant petste angular i mawene 


tum of the initial atom and the incident pa 
l-wave which must be equal to the resultan ; 

_ pital angular. momentum of the final atom 2 an 

. the seattered l/-wave, and H is the interactio 
Hamiltonian between the intel and: ae 

_ systems. 4 
Let the number of atomic elections be ne 5 
Then the free electron will be indicated as (n-+1). ( 
th, and the distance of the free and atomic ing 
electron aS fin+1 (@=1,2,--+, 0). Assuming the 
orthogonality. of the wave functions: of the free 
and atomic electrons, it can easily be seen that 


~ 


: 8 ae - [dine USiLa) 


421 Tiynt 


0 atomic state,” a is well Known; . 
alee @ is. expressible, as the 


r= {ioe ajo 
x (aS UG)| eee, 


ee 


(DEM Sroe(QUWULLLIV 5 Tne), 


where 


ate (I, UV) =Feell, 1) 
eee —1)s+4- V6) 6 WSLeS/25 Sl)Feell, 1"), (9 


CE ne p41. 


For(Ll!)=(—lyP—> GICMIDAIIow|e) me 

x Wl’ ; ox)(y"aSL\\U Ol|Lna” S! L’), 

Foal) =(—1Q+ DGC HGNC) — | 

x Will! 5 ox) yraSL||VO ||! SIL). ) oa 

In (9), the bars are used for distinguishing Ah 
properties for the spins of initial and final sta 
4.e., the singly barred 7px is diagonal with resp 

to S like dx, but the doubly barred 7 Tew can 1 ha j 


_non-diagonal “elements for S’= Sur : 
wie? we sa obtained from 6) and ANG 


“W@SD NS. pak hang . 


‘jis > Tern +n 


SCD h SMUD, Dutinee ov 
x EW LH; Lye) Tee Re sayy ‘ 


Or, changing the indices of the second t ter 
_ the Fighe hand Bidaly oe tet ees ; 


Set, 


rw 
we 


ness sf ee afesnnnsiny 
pr rte ae ‘BML! U; i Tat) (Qe 2 
‘ “2 resB). 


F 5 7 ‘ Shee ru 
oe Inserting (ia) in (3), we obtain, 


Vis o: “3! CS+ E41) 
A | x Meee; Lehre) 


as Matea: of) [R. Ti, (42): ae oc. 


Bie + y) ym abod i of ) Mabea ; 9) 


se 


(DAU, panera a 


4 


AD 


i § 


‘term contributes to the ae which 


multiplicity ede e 


Gi 


mation 07 ms 


ie d 
ise £02). can be araced by (7) and (10), namely, 


ae Ro hie hace FAV Sl ae Se SAT 
ate Li = L,L+1, Da2h, 
WSl Ve 2 ee bs 2h. 
Bra , oe 


re Be and VU, of course, as be excluded. 
ing contributions satisfy the following t 


gible; « = 0,1,2, As Nori and” ae Uses 


ednbidotes : B= ms 1 at ue L- a —2; 
ee U-h| s iy SU th. 


5 Li 


. eae 
i ee Pointed eee bby R. MIL, : “the mierate state is s completely determined. by a 


S'=S, os _ u ae Eek, Dio Dish as 
oA, ele A ~ u . 4 ms S “ i : ; n 


v at 142, tat. 


rele 


ee ‘Sch! 


pn BARE 12 7-2 ves Vi-}, 
oar +E ms: +V;z 5 


Tats ‘ , ¢ a of 


LOS Dae Bria BFen RI U = Ll42,144) 
wR, in tench case of l/ =1 mp and 44. we 


4 : Dah ae Py sh aii Ma A 


ee VEZ) 048) 044)78 
SCO an ea Ps a8 


_ Puss(dvSE) es Jasin). 


by = 142. 


2 = ‘ey tes l 
: 940: FaBr+FnssBuss)=—3|* 7(2l-+3) eer Halen Par 


Russ) Ke WSbiIUO)|droSL), 


Rohe Ger Ser Sip ICE C+8) 1h 1) ewe i aelar NETHER 
rikittpeRis=—T|— eos = | eset BE vp Ress) (@0SL||UO| |! SL), 


Qs a 
‘i 457 U+1)0+ 2043) 98;2,, 1 eT, M1 y tee 
a ites seein ed CRs REC EEy tapas (aia 84) aN 


Fo Rios Riee6 (CE NEAE 4 (4, ot +3 a Jee "vSL||VE)|d0! SL, 


7(21+ 8) 2143 \2)+1 + 145 
cask a BBB+ CECE B aN Lod + aii aeseere 
Pker +P s+olty+9= =| 7(21-+ 3) ] 2148 ere seg Rs) (d wee I \id™y ), ; 


' = 


Ld+1)(1+2) 7+3) } 1 (34 2l—1 


2LTQI—N+3)2+71 +3 Hct 


Se 4 aegyt SPE F 
+4 Ghee vSL||Vi ido SIL"). 


| FuRit Put, Rive= 
b’) V= 1-2, 
_ The formulae will be pigs by amen l by 1—2_in the formulae of the case dy. 


ae : s \ 
po yt ak 


16 Ea any bg a aig a 2) 


, 


pe@tt itr, 1g 21042) a+ 1)0+2) 301 eT, Ah aia 
Aas. P22 gary le—nerre®* eri aerte Bt wera} @rSEIOMldw!SE), | 
3 FuRit Prva RivetPn-2 Pi» : | 
8 1511-41) 73 Ys Se 142 pes 
es ae SMe Aa oA Rade eae wil oh) ok OE eye A 22, Nn 
aa ar] toe N@l+3)~ Grae ee Tees d »ST||UO|\a"SL" 


(21—3)(27—1) 


si.) 0) ‘ (l—3)(21+5) » _ 3¢+2)21—1) 3(1—1) (21-48) 
ae pelrs) | Se. cae 14d eps a\ foray Lees yy] 


Gis —1)(21-+3)"" (21-+8)(21+ 6) (21—8)(21—1) 

| x(dvSL||U@||dv'SL!), 

aa es, 2) ; ea | 

Seon B= Die a2) jay: \ 1 21—1 2143 

; Bhel=y ery a9) la=nerca)® aa aera 82I—3) 211) 2} Re 
Palys x akan eh larvst), 

aes 40 FuRitFavaRivetPa-2R- 2) ; ; 
~ 5(1—1)1(1+-1) (1-2) (21-++.1) 20-5 ke satan Hie 

9 


(21—8) (21—1) 


OE MOY od Bah BL Br dT eR ar HOS 
Fliaer a 1)(21-+3)(21+5). 1 \(2l— 1y@l+3) tt 2(21-+8) (2 4 AND }] 
Man . x d*vSL\|UW||d»v'SL), 

wy, Fok rersRiie+ Fo oftz— ~9 ye : LO ae a gel a Ca 
a1 —2U0+1) 4, 841142) 3¢—Dl PNM NCA REY tt 
gla l ome yea) 1)(2-+8) 4 (a1-+-8) 2145) +2 + ar =om Sea) Bit} VSL ||VOM}| ever SE, ‘tas Nae 
: Fur Fu Bas Fu-aBs “ . 
= af B+): f 1 asc 4 pen 
BQl+1)1 (a—peal+s)”" er ayat+5) it @-aaae }@ ShVes 2). 
mice Ly ; ates \s j “4 oy, 
Pah + Tt2Ri+s+Fo-oRi-o WeyP Ow of: Lye ek cw 
pf bUL+1) +2) 1 (21—8)(21+5) “342001 Phar Ma ie tes 2D) 
=—5 ee ) 3(L-1)(21+3 ost Bhai 
. Liser—nyer+3)) zTteaa+5% / (L+8)Q1+5)~ apo © 5 DAP Ao 


= eeshi violet | 


Bier Leer, oe yD: ie diy, eee! : 
B14 8)"'— gar )a145) + aar—ayai—n ®-+} 


Ret Passive tPu- Pe 2. Ns : 


f 7] B= ULI) LL2)(21-4-1) ‘al 7 (21— —3)(21+5) , (2l—8)(21—1) 
Cas ela Jel 


R | L+H AL) , 
(21— DOS TAS ROr 5); Hee OG “8) (21-1) 


~\ Bae! 


(@%SE|00) dS) = pesy grag 


See 


| (@eSEj\U0||ar08b) = eae 


? 


st | Ve} droSL) = [S(S+ 1) (28-+-1)}". 


Ee eee cy ae Ne 
; a es ty ae ICU up 
aber: ua Ger) cae YR 


yf 


Fev MRwOyP)- 
st 


i 


let (ciyyeer-itan sig ty err ve 7 NOS NOS) WDLALITA ys) : 
at ly ‘ ‘ ae tenis ‘ ~“W(SS*S'S*'; ne 


FY / BLM OL FLCC CUUYH 3 Layo 
eet Ore LHOLY+ HI. [lew aaliow 0) Wis Ll; en) 
x Wl L*1,L# ; Lea, anus, SYULL), Te 


“3 Bei. Ere an4-1) (2L*+1)(2L* +1) QS*+1)(2S*/+ £1) $1813) CaCO) [D@aIiCo||0" )e 


xu) = = (= -1)4- Pie ws 


XW (laball! 5 uss L*I,L*' ; Le) WaS*ES*" 5 41)3(2,0/)9(S, Sab, rN). Me Gy 


s 
eee KI) = Qel(K RV) 
ROK, kV) = Rell, KV), 


QePMKl, KI ye = ( fP. iM) ek “L Py! (rdyer(rydridr, : 


ReMi, KI") = r oe a mae tet * 
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Determination of Intermolecular Boreas fone the 
_ Equation of State of ietaly Il. 


By Taro nets nae °y 
“Department of Physics, Faculty of Science, University ‘of sca 
Received Angust 31, 1950). ae ae: = e 
es The equation of state of gases may be ex- > 
sed i in the form 


py = wns B48 Se -) whee pera eet sein 
Piciente sec. ¥ A aaes ae 
oi For gases. “composed 


= pressure, v= volume per molecule, k= Boltz-_ 


Basa. sip By penne of | the function \ 
é fe) = = exp[—U()/eT|-1, 

- the expressions are 
© B= —F [fre = —20f“peirear, 


ay — = -3\ frnarearestnds | 


Bewith >: 


¥ 
i 


\ 
dr, = = daddydes. 


‘The eesnd virial coefficient B(T) is positive 
a for ane? Tr, and negative for T<Tz, Tp being 


7 as. the unit of pembesa tors Sale the volume vz, 


eo. 


as Arie unit ‘ot volume (cf. Table I). Let us fur- 


4 ther consider dimensionless “reduced virial 
_ coefficients” 
. va BIT) 


UB 


ie ene ea ees 
3) Fi “a 


UB 


. we ‘ a 


Te 
of vi B* satisfies the normalization-ralation 
BA) = rep.” laprojan sores ash 


As far as the a of dt eaponaine ‘state holds, 
- these reduced 1 virial coefficients are the same fun- 


"a called Boyle. temperature. Let us take the Tz -.. 


caloulated C* is too small. 


be transformed into power series@@ 


- where 


. 6 ee 
U(r) = WN o<r<ga 
0 gocmr 


Mag AS prarcme sa 


it is possible 6 express the second and the third 
virial coefficients in a simple form of elementary 
functions® : ai 


B= Avo{1—(g°—1)}, 
C(g < 2) = 2v,7{5—(g'—189'+8293—15)x 
s+ (—298+-36g'—3293—189?+16)a? 
—(69°—189' + 189°—6) a5}, aang" 
Clg > 2) = 2v,{5—11a + (82g°—18g°— 48)? 
— (69°— 3293+ 189°+26)a5}, 
~. \ ‘ i 


Vo mo%/6, 


and % = exp (¢/kT)—1. 
In Fig. 1 these virial coefficients are show 


with g ~2.0 explains observed Beige os - ¥ 


the following facts : (i) The third virial coe! 


C* is sensitive to the shape of the interm 


For L-J potential ; 


eas ak : 
SG orale: 


the second and the third virial coefficients 1 


B= 4v) 3 6e(n)at, 


C = 1002 Srn)at, 
t=0 


vee 


out making vu ‘us of this series : expansion, he 


T,(12) 


+1.388 
—2.562 
+1.215 


AaATR WNr OO 


- 


© 00 


ayes ee ane 
loan r WN Fr oO 


i ) en recalculated, therefore, ae sf 


before ; the results are ae na rie 


Shag aaa ess the: caleulated ct is sclearlys smal- oe 


molecular ‘model wile “aiden 


otential eu curve. sad: na 4 
1 


ig may be such a mod 


in the Fig. are mutu- Mes 


hat. they have : the same 
using the relations be A 


1.20 3 | form = 12 
Fy, for Tate 


with 0 8 is” adequate To. explain: t 


oe a standard model of ddteoatea: in gases 


cause of its mathematical simplicity. ° 


ae zed is ae oe JOR He git “Research ge? : 
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re (6) T. Kihara and M. Kotani, Proc. Physefath. 
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“Introduction. Po 


‘ 


Me: 


electron ‘counter ean reotink? each 

iberated by light, pee is far more 

han any photocell. ‘Rajewsky, the in- 

yen ae photoelectron counters"), reported that | 
ua eet ere obs a 2650 ah light was detec: 


Bes 


<0 ners, The pressures of hydrogen generally oh 


r at “0 10°20 30 40 30 60 70 a0 ties 
set i Jean Sa a, 


tivity as a function of. tee Of Sy 
. fillings.+-: observed values, Oy: ‘collated ia: 


1000 =: 1200 


B00 
volts 


: ae ay Corian Aten as a function of 
counter voltages for various pres- 
"sures of fillings. " 

Feet ae a mie eae Raat, horéeepontes with the probability: of reac] 


anode. But some parts. of the photoelee ons 


the cathode. 


t 
& 


and Fig. 2 shows this: counting rate Thomson explained such pack ‘oe 


a at each pee indicate the. 


photoelectrons * in the case of parallel plate 
_rodes as follows®.”). Let X be the streng 


if pi penile field, n the density of photoel 


The number of total photoelectrons n, is 


‘Ny = nC] V 6r + nkxX 


The probability of photoelectrons teachi 


-anode p becomes, therefore, 


V6n kX 
G, +V/ 6 bX 


6=nkX/n) = 


If the radius of the pathode of the Geizer Miiller 
* counters is far greater than the mean free path 


of electrons, we may apply Thomson’s theory to. 
oh iy ope 


ae 


the photoelectric phenomena inthe counters. In 
the plateau region, as described above, the coun- 
ting rate may be expressed by the product of 
the density of photoelectric emission and the 
reaching probability. When the pressure of the 
’ gas is above a few mmHg, the photoelectric 
efficiency can be conceived not to be affected by 
the pressure change, because at such pressure 
the adsorbed gas film is not affected by the pres- 
"gure change. The counting rate is, therefore, 
gee proportional to the. reaching probability shown 
by equation (2), and can be written as follows, 


V 6r kX 


Ne UN Ger es (3) 
5 C+Y 62 kX 


; where the constant N, represents the number of 
~ electrons liberated from the cathode in a unit 
time. For Geiger Miiller counters, the field 
strength is computed by the following equation, 


EES Gia 
~ pe log (el rw)” 


~ 


. "where Vis the counter voltage and 7, 7 are 
‘oy : _ the radii of the cathode and anode respectively. 
a '- To apply’ this theory to the experiments thé 
author substituted the observed values for X 
and k in equation (3), where the mobility was 
taken.from Nielsen’s data, corresponding to the 
values of X/p in our counters’). These values 
; are shown in Table I. If we substitute the 
_ observed counting rates in the case of 20mmHg 


Table I. 


Pressure of Fillings (mmHg) : 

Pp 2 5 10 20 40 60 80 
- Counter Voltage (volts) 
mee eV. 560 600 610 650 ° 880 - 950 1050 
re ‘ Field Strength (volts/em) 
X ce 183 197 200. 2138 272 312 344 
Pei. 92) 89° 20..10,7) 6.8); 5.294.8 
} _ Electron Velocity (105 cm/sec.) 
v 286* 127* 70 40 80 25 21 
a _ Observed Counting Rate (counts/min) 

Novs- 1160 1000 730 630 5380 470 420 
- Caleulated Counting Rate (counts/min) 
* Neat- 1203 1015 826 630f 582 472 420T 


Extraporated values. 
7: Collated values. 


Ryumy ITo. 


-vicinity of the 


(4)_ 


‘cathode, then the maximum energy E,, becomes 


N, and C as follows, 


Nes = 1411 counts/min., C= 2.15 x 10? sialon’ 9 
Equation (3) is, then, illustrated in Fig. 2 | 
the solid curve, and we find that the theoretical 

values agree almost exactly with the experi-_ 

mental results, and we can, therefore, conclude © , 
that the pressure dependence of the sensitivity i, 
of a Geiger counter is due to the ‘back diffusion — 


i 


of photoelectrons. - } 


From the definition of C,1/2mC? represents: } 
the mean kinetic energy of. electrons whose © 


. velocities are distributed according to Maxwell-— 


Boltzmann law, but the photoelectrons in, the | 
cathode must have. the 
energy distribution represented by DuBridge’s_ 
equation®).* We take, therefore, the energy at 
the maximum of DuBridge distribution instead 2 
of 1/2mC?. When the temperature is 300° K 
and the mean kinetic energy of the photo- _ 
electrons is about 0.8 times. the maximum 
energy, which is same as the difference between 
the quantum energy of light.and the: work fune- 
tion of the cathode. Let hy be the quantum 
energy of light and ¢ the work function of the 


ee 


E,, = hv—ed = (1/2 mC*) + 0.8 = 0.16 ev. 


Since the quantum energy of 4 2537 A i is. 
about 4.86 ev, we obtain 


¢ = 4,70 volts. 


a i is nl il OE Om a, a 


The previonaly reported values for the work. 
function of copper range from 4, 0: to 8 5 volts), 
and the work function obtained from above- 
seems to tend towards a. higher value, but we 
suppose the causes lie i in the fact that the cathode . 
is exposed to the dischafge in hydrogen and the- 
work function becomes apparently greater. » 


* By DuBridge’s theory, the energy distri-- 
bution function of photoelectrons i is spenrnecet as- 
follows, . 

VdVv 


fwdVe A- wT ¥-Vimdellep +1 9 


_ where A is a constant, V the kinetic energy- of 


photoelectrons, V,, the maximum energy, k Boltz-. 
mann constant, e the electronic charge way ri 
the absolute temperatnre. 


ae to porous. Y. Fujioka for 1 ie  a94s) 377, ‘ete.’ 
suggestions and discussions. (6) J.J. Thomson and G.P. Thomson : . 
ee te Elec. through gases (1928) p. 466.. 
; (7) L.B. Leob: Fund. Proc. of Elec. Dis ha 
_ in Gases (1989) p- 318. 
) , 63 (1930) 576, (8) N.E. Bradbury and R.A. Nielsen: 
B.. iaiemake : Phys. Zeits., 32 (1981) 121, |, Rev.» 49 (1986) 388. om 
G.L. Locher: Phys, Rev., 42. (1982) 525. (9) L.A. DuBridge: Phys. Rev., 43 (1988) 27 
) 0.8. Duffendack.and M.R. Morris: J.0.S.a., 99) P-A. Anderson: Phys. Rev., 76 (1949) 388 


Short Notes. 


: 


he t Ultraviolet AGastptinn Spcoew In the sodium glass, the absorption. 
ey of Glasses. ey pears at 42300A,‘and in the brownish 

; greenish glass each at about 12050A, but a 

wy erolgne shorter than a 2000A, the abso 


By Kikusaburo Sissi me 


Ss opa ue at the wave-length shorter . 


i tip 


apincaeen band of the former appears 
of the longer wave-length. — j 
6 ! To explain the mechanism of the 


BS were carried out. As the ‘abatponent 
these manufactured glasses are exceeding] “ 
. plex, some Kinds. of, glasses of the: sim 


a eu 


Sl ge ‘and the absorption spectra of these: ; 
it. thin films are measured. lass, 
LJ (8Na:0.78i0,.Pb0), the same band appears, 
not in others (8Na,0. 7Si0;,F'e203, 3Na,0.7Si0 i 
etc.). In the lead oxide film made on»a qua 
plate by the method of the evaporation of 

; metal in the dir at the pressure of 5 ~ 10 mm. He 5 
@y. fhrpvaich Glass. _. the band also does not appear. 
* Lead Glies, From these results and the well known net- 
- \ work structure of glass), the author considers Re 


192 Short Notes. 


y 
that the origin of the appearance of this band 
js not the lead oxide, but the lead ion in the 

“network of SiO, which is surrounded by (—O—Si), 
cand the ion is also the centre of the fluorescence. 
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On the Ferroelectric Behaviors of 
Sodium Vanadate. 
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-Recently it has been pointed out that several 
kinds of crystals of XYO,; type exhibit the ferro- 
electric properties similar to those of barium 
titanate. Especially the discovery of the ferro- 
 electricities of NaCbO,, NaTaO,, ete.) seems 
to be a rather remarkable one in the present-day 
research of the ferroelectric crystals since these 
substances do not contain any element of titanium 
group peculiar to BaTiO, and the related sub- 
stances. Unfortunately the detailed information 
of the above mentioned substances has not been 
at hand yet. Now, in view of the above situation 
‘in the field of ferroelectrics-research, we have 
studied the physical properties of single crystals 
of NaVO; and found that this substance is per- 

haps a ferroelectric. . 

Plate-type single crystals of about 1mm 
length are obtained by cooling the molten 1:1 
mixture.of V.O,; arid Na,CO;. The external forms 

- of crystals are ‘of various kinds of. types, i.e., 
. Square-, rectangular- and other ones, all of which 
oo _ are observed to glitter well and to be yellowish 
x _ brown, transparent and hard. On putting them 
between the crossed nichols of a polarized light- 

ie microscope, the parallel bands are observed as 
Nat in the case of barium titanate or tungsten oxide, 
and further, the brightnesses and darknesses of 
these bands are reversed with each other. by 

_ rotating the crystals by 45°, although the de- 

_ tailed behavior of the mentioned reversion is 
. different compared with barium titanate or tun- 


i 


/ 


‘ however, reveal that the value of perimittivity 


gsten oxide. These parallel bands may Re con- 
sidered to show ferroelectric domains for several 
reasons, the distribution of which is frequently 
irregular, together with, the appearance of the 
crystals of a single domain. In heating process 
these domain patterns vanish at about 380°C, 
above which temperature, however, the birefrin- 
gence exists still to a lesser amount. In cooling 
process the domain patterns appear at about 
270°C, their distribution being not necessarily the 
same as the initial one. The effect of electri¢ 
field and mechanical stress on the domain struc- 
ture has not been observed through our prelimi- 
nary observation at room temperature, which 
lies far below the above mentioned Curie point, 
as far as our field strength and amount of stress 
concern ; which fact may be considered to be due 
to the large coercive field and the high hardnesg 
of this crystal. . 

Using a cathode ray oscillograph we are able 
to observe hysteresis loops as illustrated in the 
accompanying figures. When a crystal is heated. 
ata constant impressed voltage, we have observ 
clearly the following characteristic phenomena, 
namely, (a) the loss is small at room temperature, 
(b) the hysteresis loop suddenly broadens and 
becomes angular at a certain temperature, (c) 
the loop-height increases slightly and the loop- 
breadth decreases gradually and (d) the loss vani- 
shes at the about 380°C. On cooling the crystal, 


the corresponding characteristics are (e) the loss 


appears at about 260 C, (f) both the height and 
breadth of the loop change gradually and (g) 
the loop flattens near room. temperature. The 
temperature at which the hysteresis loop suddenly 
broadens, decreases with the increase of the im- 
pressed voltage, and is also dependent on the 
career of the crystal. Though the hysteresis” 
loop of a virgin crystal is unstable, it becomes 
stable gradually after some amount of heat treat- 
ments,. which phenomena is well anders tocdia 
though qualitatively, through the mechanism of 
the redistribution of domains. 

The precise measurement of the permittivity 
of crystals can not be made for the sake of thei 
small dimensions. Our preliminary measurements, 


at room temperature is small‘and only a slight 
hump is observed near 880°C; the appearance of 
such slight hump being quite different from the 
case of the ferroelectrics already known. Al. 
though the large value .and. the. ‘anomalous d 
pendence on temperature of the. permittivity hav 
been hitherto considered to be necessary condi 
tions for the ferroelectricity,. such criterion seem 
to be inappropriate for the newly discovered 
characteristics of NaVO;, which shows clear! 
the domain pattern and the hysteresis loop chara 
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(a) 20°C (b) 220°C 

f i 

(c) 340°C (d) 410°C 

(e) 260°C (f) 200°C 
(g) 20°C 


teristic of the ordinary ferroelectric substances. 

The determination of the crystal structure 
of NaVO, by the X-ray analysis and the investi- 
gations of the substances such as LiVO; and KVO, 
are now in progress, the details of which will be 
published shortly. 

The authors wish to express their hearty 
thanks to Prof. T. Muto for his very kind eri- 
ticism. 
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The Height of the Water Column 
Produced by the Falling Ball. 
By J. NISHIWAKI. 
Mizuho Metal Industry Co., Ltd., Tanashi, Tokyo. 
(Received December 15, 1950) 


The column of water produced by the ball 
falling under the action of gravity was photo- 
graphed with the storobolight and high speed 
movie camera. The frequency of the storobolight 
was 1500 per min., and the speed of the camera 
was regulated to the 5000 pictures per min. on 
the 35 mm film. 

The preliminary experiments were carried 
out with the two balls of about equal size: 

(1) The ebonite ball, dia. = 19.7 mm, weight 

= 4,9 
(2) The glass ball, dia. = 20.5 mm, weight 
= 11.6¢ 
and it was found that the heights of water 
columns produced by the ebonite ball, though it 
weighed less than the other, were higher than 
the ones by the glass ball for each falling height. 

As this seemed to be the effects of the surface 
roughness of each ball, we carried on the experi- 
ments as followes: 

The five glass balls of different diameters 
were painted with sand of different meshes. 
Their total diameters and weights were, thus 
respectively, 

for 10,000 mesh, 17.5 mm, 9.0¢g, 

for 2,500 mesh, 17.2 mm, 7.5, 

for 900 mesh, 18.0 mm, 7.5g, 

for 256 mesh, 18.5 mm, 6.5g, 

and for 64 mesh, 20 mm, 7.0g, 
where meshes were measured per square inches. 

For these balls, the heights of water columns 
were determined in the same way as above 
mentioned. The results are shown in Fig. 1. 
As seen from this figure, the water column has 
the smallest height for 10,000 mesh, becomes the 
larger, the greater the roughness is, and 
attains maximum height in the range of 900- 
256 meshes. And then it becomes smaller again. 
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Fig. 1. 
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The point marked with triangle at the end 
of the curve for 10,000 mesh is the one datum 
obtained by using the other ball which had the 
about equal diameter (20.8 mm) to the ball for 
64 mesh (See Fig. 2). 

Hence this indicates that the difference shown 
above between the diameters of the balls did not 
have any effect on the heights of columns. 

The ball used in the experiments are shown 
in Fig. 2. 


Fig. 2. The balls used in experiments. 


Current Noise and Dielectric Break- 
down in Alkali-halide Crystals. 


By Chiyoe YAMANAKA and Tokuo SuITa. 


Faculty of Engineering, Osak1 University. 
(Received Jan. 20, 1950). 


It is generally believed that the dielectric 
breakdown in solids is produced by avalanches 
of electrons. We have observed the sizes of 
avalanches in some alkali-halides at high tem- 
peratures and their frequency distributions by 
a video-amplifier and filters. 

Our specimens and measuring apparatus are 
shown in Fig. 1, where S; is a specimens which 
has 0.3-0.6 mm. thick, S, is 0.6mm. in breadth 
between the electrodes, G is a galvanometer, R 
is a metallic resistance. Th isa thermocouple and 
an ammeter, B is a dry cell battery variable 
from 300 V to 1200V, Br is a braun tube. 


Fig. 1. Specimens and apparatus. 


When J,, the mean current throuth the 
specimen, flows, the mean square noise current 
Ip* can be observed. According to Haworth and 
Bozorth, the average size of an avalanche is given 
by NIN = I p/If2kT/el,R 
where K is Boitzmann constant, JT is absolute 
temperature, I," is the thermal noise current 
produced in R. 

One of our results for an avalanche size in 
KCl is given in Fig. 2 and Fig. 3. 

In Fig. 2, The avalanche size increases with 
the applied voltage and its magnitude is about 
108 at the 2024 breakdown voltage at 200 C. 

In Fig. 3, we estimated the avalanches-size 
at the voltage of 20% breakdown strength in each 
temperature. These results show that the sizes of 
avalanches are almost the same before the break- 
down. The frequency distributions of noises in 
NaCl are shown in Fig. 4 and Fig. 5. We got 
these results by comparing the avalanche noises 
with thermal noise in a metallic input resistance. 
At lower temperatures than about 200°C. the 
avalanche noise was of radom character, that is 
uniform to a definite frequency (10!-10° cycles) : 


© 300 900 
Applied Voltages 


1$00 Vout 


Fig. 2. Size of avalanches and ~ 
applied voltages. 


Fig 3. 2?/n and T°C. KCl erystal. 

In full line we show the size of ava- 
lanches at 1,200 V applied. In chain line---. 
the breakdown strength. In dotted line we 
- show the size of avalanches at 20% voltage 

applied of the break-down strength (cal- 
* culated). 
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Fig..5. Frequency distributions \ 
(1,200 volts applied). 


over which its components tend to zero. 
temperatures higher than about 200°C. the results 
appear to show there are some interactions be- 
tween avalanches. Noises in thesurface currents 
were extremely small. | 

These results seem to show that the break- 


‘down is produced by avalanches at such high 


temperature. 
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Fig. 5. Frequency distributions at high 
temperatures in body and surface currents Nat 
(1,200 volts applied). ' i 
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On the Dielectric. Loss in | Polydispers 


Polar Polymers. 
By-Syoten OKA and Osamu NAKADA. : 


, Kobayasi Institute of Physical Research, 
Kokubunji, Tokyo. 


(Received January 29. 1951), 


Kirkwood and Fuoss(!) have developed a theory: 
of dielectric dispersion and dielectric loss of polar 
polymers of the type (CH,CHX), at high dilution 
in a nonpolar plasticizer. Neglecting the mutual 
interaction between the linear polymer molecules 
and assuming free rotation about the C—C bonds, 
they have succeeded to obtain a dielectric loss 


mer with an exponential distribution in chain 


In order to make this point clear, we baie 
aavestigatal ‘the dielectric loss of a polydisperse 


tion fase, and it. -was found, indeed, that 
me polymers. eorrespond to this formula. Dif- 
from ths original form, however, our 


‘he e: eee distribution function exp(— ~n]n)]n 
us by Kirkwood and Fuoss is included in the. 


4°) Dintri bution tn degree of polymeriza- 
tion for chain high polymer. y ‘ 


- Aceording ‘to Kirkwood and Fuoss, hee re- 
xation time distribution function. Germ). for a 
nodisperse whe is given “by | 


ay ; 4c. sr ae 
5 pn ie err cae ma se "9 ( 

NT. ge 

= 0 i — peat 

o> 6 or aa 5 


~ monodisperse polymer and for a polydisperse poly- x 
: relaxation time distribution function 


_values of G;(t) as functions of t/z,, and it may 


r 


sin 
-polyd sperse. 
bution function (1), we way write for the averag: 


Gilt) = (ete, moutnan, (8 


which after intergration gives 


te) (sila 2i)mi(-2 )] 
=z) ols) (5) 


sale) (4:22 )eso(8 =)mi(-82)] 4) 


Gi)= > 


for k.=1,2, and 3 plecernciy. Here Bilt-t/F;, 

is the exponential integral and z= c+. Num- 
erical calculation shows that G;(r) increases with 
increasing & for smaller values of + and decreases 
for larger values of r. In Fig. 2. are shown 


be seen that the curves approach, with increas- 
ing k, to the curve corresponding to a monodis- 
perse ek 


4 
ve 


he ; ; 

Fig. 2. PRetaxdtioh time distribution for . ed 

pele chain high polymers with distri- _ 4 
/-bution function 9,(m). Broken ta for 

a monodisperse polymer... @ 

7 


Me the feduced loss factor corresponding | 


to the relaxation time distribution G(r) is given 
A By the formula 


‘ 


| Hy(o) = Exe \ de). eR 


“fe susie 


_ For the case k = 1, the calculation was made by 


Kirkwood and Fuoss, and the. maximum value 


of Hy(w) was “found to be 0.27 at OF, = 0.63. 


When k= 2, Eq. (6) becomes, after insertion of | 
Eq. (4) ° 


baer nee 
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with «= r,. This function has been calculated 
by numerical integration, and it was shown to 
have a maximum at a = 0.75 of 0.272, which is 
slightly larger than the value 0.27 corresponding 
to the case k=1, and is slightly smaller than 
the value 0.286 corresponding to a uniform degree 
of polymerization. 

We have not calculated the loss maximum 
in the case & = 3, but it appears certain that the 
reduced loss maximum increases with increasing 
&, since the main contribution to the integral (5) 
near its maximum comes from smaller values of 
t and G;,(t) increases with & for smaller values 
of ct. This circumstance may correspond to the 
fact that the distribution curve 9%,(n) becomes 
sharper and sharper with increasing &, thus 
tending more and more to a monodisperse curve. 
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A Proposal on the Measurement 
of the Recoil Spectrum 
using Gas Source. 


By Tihiro OHKAWA. 


Department of Physics, University 
of Tokyo. 
(Recieved January 24, 1951). 


Recently experiments on the measurement of 
recoiled nuelei in the beta-decays have been per- 
formed by several workers. Almost all of them, 
however, used solid sources, and it is very dif- 
ficult to obtain reliable results. 

It seems possible to obtain velocity spectra 
of recoiled nuclei using ‘‘gas sources’’ by the 
following method. 

Under the electrostatic field, whose potential 
is given by V = (k/2)(2*+y"*—2c*), a charged parti- 
cle of the mass m and the charge e moves after 
the following equations. 


X= &y) COS a+ (Vz9/a) sin at 
Y = Yo COS &-+ (Vy./%) sin at 
z= 2, cosh V Zat—(vz9/¥ Za) sinh V 2at 


Where > Yor 2%» ANd rq; Vy» Veo Genote the 
initial positions and velocities of the particle res- 
pectively and «* is (e/m)k. 

Hence we have at the instant (=7(T=7/(2e)) 
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ey eo 
OSV OTY = V Vg —V' yo 


that. is, distances of particles from the origin 
don’t depend on the initial positions a, % of 
particles but on the magnitude of their initial 
velocities and the constant k. Namely, in the 
a-y plane, all particles which started at any points 
in any directions, reach, at the instant t = z/(2a), 
the common of radius o = v,/x with center at the 
origin. 

If an annular ion detecior is set along the 
circumference of the circle and worked by the 
method of delayed coincidence between it anda 
beta-dector, which serves for determining the 
time origin, the velocity spectra can be taken as 
a function of the epoch T. 

In case a particle outside (or inside) the de- 
tector starts initially in the inward (or outward) 
direction, it crosses once the detector before t=T. 
Therefore the particle does not contribute to the 
count. 

Moreover, when z-components of the velocities 
of particles are taken into account, particles di- 
verge for z-direct ons. It seems, however, easy 
to obtain the luminocity of several percents pro- 
vided that the irresolution 4v/v is limitted to be 
smaller than several percents. 

The test using some suitable radioactive sub- 
stances, A*’ for example, are highly desirable for 
us. 

Detailed discussions and notes on the trial 
experiments will be later reported in this jounal. 


Effect of Turbulence on Flame 
Propagation in Gases. 
By Seziichiro KUMAGAI and Ituro KIMURA. 


Department of Mechanical Engineering, Faculty 
of Engineering, University of Tokyo. 


(Received Jan. 29, 1951) 


It is well known that flame propagation in 
gases is considerably accelerated by the agita- 
tion of gases. This is perhaps du2 to the in- 
crease in burning velocity caused by turbulence 
which is small in scale compared with the flame 
front. In our experiment on a cylindrical closed 
vessel (90 mm in diameter, 30 mm in length), 
we gave rise to turbulence by placing a hole 
plate or a grid in front of the spark igniter. 
Fig. 1 is one of the examples of the pressure 
records obtained by igniting 22 percent by volume 
town gas-air mixtures of normal pressure and 
room temperature. 
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Pressure rise 


- ; Time eae 
(2 Fig 2. 


a: No obstacles are placed: 
bz An arched plate with five holes 6 mm in 
: ‘diameter is placed. 


ease of 6 is placed. 


“in case of b. 


Figs. 2a—2d are the sebnacea photographs, 


each of which. corresponds to.each of the pres- 
sure records in Fig. 1. When we compare both 


figures with each other, ‘we ean easily find out — 
how turbulence accelerates the combustion of 


gases. The arrow mark in Fig. 1 corresponds to 
the position of the hole plate, and it is due to 


turbulence’ that burning velocity rapidly incre- | 
. When turbulence is not suf- 
ficiently intense, the i increase in burning velocity. 


'ases from here. 


is not so remarkable, and when turbulence is 
intense at the beginning and comes to disappear 
afterwards, burning velocity ee correspond- 


: ingly. Fis 
Some: photographe are given here, ent full 
explanation ral: be age in another Lak 
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On he Teabetornsdon of Long. 
ee Chain Acid Amides. \ 
‘By Tosio. Saxurar. . 


Institute of Science aud Technology, Eweroity 
of Tokyo. 


en February 10, 1951). 
The transformation lots Palmitamide (CisHsi 
CONH,) and Stearamide (C1;H;CONH,) in solid 


phase, is newly found | from their RTA heat 
and electric conductivity ‘measurments. 


; Commercial | pure amides made by Kahl-. 
baum: are. used. for. specific. heat. measurement 


without further purification, although Stearamide 
seems to ‘contain: a small amount of impurity. 


' Palmitamide and 64°C for Stearamide. 


Beg kA plate with: seventy ace 2mm in dia- 
| Ineter, the size of which is same as s that used i in 


d: A plate with three pata 6 mm in dia- . 
‘ meter is placed nearer to the eee a sie 


several times. 


_ tion, too. 


The method is the same as we used to measure _ 


the specific heat of normal alcohol previously“). 
The results of the observation are shown in Fig. 
1,. Small anomalies are found at about 56°C for — 
The heat . 
of transformations ° are about 150 cal/mol and 
155 cal/mol respectively. 


i 


pel sven ie Uh 
The specific heat of amides. 


air. Ganiniew: are recrystallized from ‘bene 
The results are shown in n Fig. 


Though the Stearamide shows no aoa in 
conductivity, it is not clear whether it is du 


and they botb increase after the deaustone , 


SOMOS SO ALG OMT. RON a ed 
; Temperature 
orig: 2. iv 


D.C. electric conductivity of © amides. 


- The electric Conduletivity dul dielectric ec 
stant of the long chain compound, which ‘con 
tains the- hydrogen bond, are often attributed 7 t 
the proton transfer©@, As the amide seems t 
have hydrogen bonds, it is natural to regard this: 
conductivity is due to the proton transfer, though _ 
the mechanism may be different from that of — 
the alcohol(). 


lear yet, but it BAL alti to: that. Loe the alkali 
soaps found by P.A. Thiessen), which occur 
near the melting points of the corresponding 
‘atty acids, inspite of the great difference be- 
ween the melting points of soaps and acids. 
therefore these transformation may be due to 


St Lane trans- 
at tion” by Thiessen. An analogous relation 
in the case of amides. This point was 
diseussed(), and the- full note will be 
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electrie conductivities of ionic crystals 


lkali halides show in general some dis-. . 


ites at about 200°C. This pheriomenon is 

to be due to'space charges in n the crystal() 
be closely related to the dielectric break- 
strength of it), 


0.01 bho 4) SrClp ‘iibeed crystals and other ; 
© ones at various conditions of. treatment, 
Betally of the ‘contacts between the erystal ve 

the electrodes. 


a ~ ately: after the field was applied. The spec 
AS Am, eH 
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“crystal cut. along 


omnes an. 4 thickness _ and | e 
were grown by the Kyropoulos ‘method. at 
The voltage required (about. 1000, volt; 


“was supplied by dry batteries, and the two elec- 


trodes of the specimen. which were made of coly 
loidal carbon were connnected to the | earth in 


the absence of an applied voltage. fe eet: 


The current through the crystal was ‘mea- ; 


sured by a galvanometer a at the: Reigns ss 


\ range from 150° to 300°C. 


The conditions of the treatment are Ghowsl 
in Table I, where 1, 2 and 3 are’ the’ order o 
the treatment process. 


q 


In the case of electrical a 


treatment, the amounts of electric. charges pas- 


sing ‘through the crystals _were kept constant. — 


The results obtained are shown in Figs. 1, 2% 


and 3. There is a discontinuous point at. about 
200°C for the specimen (A) treated only by the 
_. thermal process, and the current through the 


erystal decreases with time to a steady value ate 
temperatures lower than 200°C, but at higher | 
_ temperatures it takes a constant value. immedi-_ 


ml tee 


(B) treated by the 2nd electrical | ‘process : a 
shows neither the. ease at about 2 
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Fig. a " Conductivities of KCl SrCl,. 


nor the current dicectie with time, 
_ specimen (C) treated by the 2nd electrical process 
at 140°C the discontinuity, does not disappear and 
he current decrease also exists. It is interest- 
ing to see that when we treat the specimen in 


wet : air (about 70% in wetness) at room. tem- 


prcctnen. D), the diseoatinaity appears pean. 


one eu Mate. t, 


pil ‘Treatments 


°¢ |'Hrs., °C Amp. | Min. °C.| Hrs: 


bray 275 |4-10-8 | 1/2 | 140] 10: 
|, 140 |. 10; 140 |9-10-9 |. 200} 
280 /1.4-10-* 2. | room 
(temp. 
. RN ee ae oct: yo Gren: 
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“The activation energies daleuteted ee om the 
; ‘inclination of the conductivities. at higher tem- 
peratures” “are always 0.81 e.V., which accords 
with Lehfeld’s Poona in a Aas crystal of 
ROS eee 2 


Oe ak 


git) The fates of ‘his idactivity at 


fi TT, the ‘erystal, bry: : 
Et2)~. ‘the space charges: can be a oe by the 


(Clyro B: Hochberg and A. Walther : 
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perature during long hours after the electrical — 
reatment has been done at higher temperatures 


‘dipoles in a viscous medium. However th 


tion is not caused by the total firictional fore 


dy different from (1) both in absolute val 


about 200°C o due to the i ionic space charges — 
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An Interpretation of the Dielectric Loss — 
due to the Rotation of Dipoles. 


By Nobuhiko Sarto. 


Kobayasi Institute of Physical Research, 
Kokubunzi, Tokyo. aye 


(Received Feb. 20, 1951). 


Recently the present author) lise dealt 
the effect of the Brownian motion upon the 
trinsic viscosity of macromolecules and has 
a general method for calculating the energ : 


e 


the dielectric loss due to the rotation of “dip les 
which was firstly. treated by Debye. Th 
method of calculating the electric loss i is 
culate the electric energy loss. This energ 
is obviously due to the rotational frict 


ment of the dipole is very complicated, by 
presence of the Brownian motion. In each { 
cesses the energy of a dipole is dissipated by t 
friction, but soon after a part of this dissipat 
energy is returned to the dipole by means 0 
Brownian motion. Therefore the energy dissi 


§2. Outline oe an Usual Method.” 


Let the external electric field applied 
se teeics be 


E= Ket 


in phase, and is denoted as 


F= Fryeilwttx) 
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where f and » are respectively the friction con- 
stant and the dipole moment of the molecules. 
The well-known solution of Eq. (3) when F,/AT <1 
is given by 


i 1 uF 
yas nile 5 
aia Are ee Py lige } uP 
m= SiekT 


and the average dipolement is given by 


a Fy 


a(wt- P+ X) 
Bk ipote* oF 


Tf | cos 90d 2 = 
from which is derived easily the complex diele- 
etric constant e = ¢j—ie,. In particular 

a AN! Fy sin (g—%) (7) 
ee BRT By sA-pics, 
where N; is the total number of dipoles in unit 
volume. Therefore the energy dissipation during 
a period of the alternating field is calculated to 
be 


1 ¢27/ve_(0D Epes 
ig \; Pat ahd 
TN, EF oe? :. ; 
= iy ee sin (g—2) (8) 


§2. A New Method of Derivation. 


___ Asis mentioned in §-1, the energy dissipation 
is due to the friction of dipoles, but the effective 


_ frictional force is not the total frictional forces. 


=a) 


The latter are minus the sum of the internal 


field, which is ‘the sum of the external field and 
_ the field by the surrounding materials, and the 


random forces which drive the Brownian motion. 
In our present case the instantaneous mo- 

ment of force due to the external force is 

E,z sin @ cost. From Kq, (4) and (5), we have 


jox Lot sin? {—o%r* cos (wt-+2)+or sin (ot +2)} 
mers f 


1+@7r?. 


+imaginary part. 
Therefore the energy dissipation is calculated to 
be 
2n/w 
= N.S 0(0) d2 \" Ey,“ sin 0 cos ot(Jo)reat at 


pry. EyF ye! 


kT V 1+? an (a?) (30) 


This is identical with eq. (8). 
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A Study on the Solar Noise at 3300 m.c. 
By Minoru OpA and Tatuo TAKAKURA. 
Osaka City Universty. 
* (Received February 21, 1951) 


Solar radio noise at 3300m.c. was observed 
from April to Oct. 1950 for every two hours per 
day. Attention was paid to the average intensity 
and its fluctuation during two hours. Though 
the period of observation was too short to arrive” 
at any decisive conclusions, some crude results” 
will be mentioned and discussed here. } 
1) The intensity of solar noise at 3300m.c. is 

approximately proportional to the whole disk 

sunspot. number, reported from the Tokyo 

Astronomical Observatory, and -shows no- 

clear relation to the central zone sunspot | 

number or whole disk sunspot group number. — 
2) Apparent period of fluctuation is about” 
twenty minutes on the average .and it is in-— 
dependent of the intensity. 
3) The mean fluctuation of the intensity is ap-— 
proximately proportional to square root of : 
the intensity. £ 

If we assume the model that statistically | 
independent sources grow and die at the period © 
of ten minutes on the surface of the sun, the~ 
intensity and its fluctuation should be expressed 
by nP and 1 wP respectively and the period of 
fluctuation should be about twenty minutes, 
where m is the number of sources and P is the 
average intensity of a source. Thus 2) ‘and 3) 
are reasonably understood. Comparing with ex- — 
perimental results, we obtain P~10-*° watts/em/ 
eycle/sec. seen at the surface of the earth and n 4 
is 1~2 times of the whole disk sunspot number. 4 

Thus it is most probable that the solar noise — 
comes from the sunspots, but it should be noted 
that the period of a source is rather short. Then 
it may be supposed that the magnetic field in. 
the sunspot might have important role in the 
generation of radio wave. ' . 

The authors wish to express their hearty | 
i 
. 
j 


es 


thanks to Prof. Y. Watase for his encourage- 
ment in the course of the observation. | 
Further observations are under preparation. 


Dielectric Breakdown ‘in Mixed 
Crystals of KCl and AgCl. 
By Tokuo Surra. ! 
Faculty of Engineering, Osaka alien 
(Received February 22, 1951) 


Dielectric breakdown strengths of KCI and, 
its mixed crystals KOL-Agd (0.094 Mol *) were 


:. Ud as aha eee _ 
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measured with D.C., A.C. (60~) and impulse 
(1.95 x 38.7) us voltages over the temperature 
range from 15°C to 500°C. 

The crystals were grown from the melt by 
the Kyropoulos method and cut along the cleavage 
surface [100]. The electrodes of the specimen 
prepared with cavity surface were made by paint- 
ing colloidal carbon on the both sides. 

' Transformer oil was used as the ambiant 
medium at lower temperatures than about 210°C, 
and at higher temperatures the experiment was 
' earried out in the atmosphere. 

_ We took the time effect of the applied voltage 
into account, which is of great importance espe- 
cially in the cases of D.C. and A.C.. 
: The results obtained for D.C. are shown in 
Fig. 1, where (a), (b) and (c) curves represent 
qualitatively the time effect at that temperature 
region, # is the breakdown strength and ¢ is 
the time of the applied voltage. 


s 


BREAKDOWN STRENGTH (0% O/Cmd_ 
2 ° 
= = 


i 


a a | a a (eC 
TEMPERATURE (°C) 
Fig. 1. Temperature dependence of the D.C. 


breakdwon strength of mixed KCl-AgCl 
crystals. Velocity of the applied voltage 
about 3 KV/S. 


It will be seen that the breakdown strength 
of the mixed crystal at a given temperature is 
in general larger than that of pure KCl at the 
same temperature, and the difference between 
them appears to vanish at about 150°C.@ 

It is emphasized that the former is larger 
than the latter even at higher temperatures, 
which is inconsistent with the results obtained 
by von Hippel and Lee in NaCl-AgCl mixed 
erystals.() 

For A.C. we obtained the results which are 
shown in Fig. 2. The maximum value of the 
breakdown strength in A.C. is shifted to a higher 
temperature (150°C) than in D.C. (70°C) and the 
influence of AgCl molecules is also vanished at 
about 160°C. 

For the impulse voltage, the effect of the 
foreign molecules is almost independent of the 


Ag(t (A.C) 


° 


0.094 Mol % 
——s 


08 phat (TMP) 
ame ; 
Oe 
0.6 


(IMP. 
pure KCL ye 


ie o—— 


BREAKDOWN STRENGTH (/0°@m) 


a) 40 80 720 760 200 <40 280 
TEMPERATURE (‘c) 


Fig. 2. The A.C. and impulse breakdown 
strengths of the mixed crystals. 


temperature except a smooth peak value at 80°C, 
and a vanishing point such as for A.C. and D.C. 
does not exist. 

It can be seen that at a given lower tem- 
perature than about 180°C the breakdown streng- 
ths increase in the order of impulse, A.C. and 
D.C., but at a higher temperature than this the 
order is reversed. 

Our results seem to show that the occurence 
of the maximum value of the breakdown streng- 
ths. is due to the space charges consisting of 
positive ions and electrons, and at higher tem- 
peratures than the vanishing point of the effect 
of AgCl molecules. the electronic emission from 
the metallic dendrite which has been deposited.on 
the cathode becomes a predominant factor in the 
breakdown phenomena()(*) (4). 

Such mechanism of the breakdown as above 
described was proposed recently by us and by 
von Hippel and Alger() independently, but in 
detail they were not consistent with. 

Under impulse voltage the space charge ef- 
fect decreases with the decrease of the time 
constant and the breakdown strength seems to 
be approximately determined by the mean free 
path of electron in the crystal which was eal- 
culated by Frohlich() who obtained the follow- 
ing relation 


PEL) —F ptr) = constant 


where fy, and Fp are the breakdown strengths 
of mixed and pure crystals at a temperature T 
respectively. ; 
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An Electron Microscope and Diffraction 
Study of Metallic Smoke. 
By Riitsu TAKAGI. 


Government Mechanical Laboratory, Sumiyoshicho, 
Suginamiku, Tokyo. 


(Received February 27, 1951) 


The white smoke produced when a moly- 
bdenum wire is heated in the atmosphere with 
electric current is found to be composed of 
plate-shaped particles of molybdenum trioxide 
0.1~1.4 in diameter (Fig. 1). Molybdenum trio- 
xide is known to belong to the orthorhombic 


system and make a layer lattice with layers 
parallel to (010). In its electron diffraction 
transmission pattern (0k0) lines do not appear, 
indicating that the form of crystallites are thin 
plate parallel to (010). When a liquid drop is put 
on the surface of a collodion film, upon which 
the smoke has been caught beforehand, and let 
evaporate, then all of the thin, flat particles 
become to lie parallel to the surface of supporting 
film (Fig. 2). For electron beam normal to this 
film, all the diffraction rings except (h0k) disap- 
pear and, when the sample is rotated about 
an axis normal to the beam, a fiber pattern can 
be observed. 

The green smoke obtained by direct current 
discharge between metallic chromium electrodes 


“characteristic fringes can be seen. 


(Vol.£6, 
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Higw2- 


is also composed of plate-shaped particles of 
chromic oxide and the similar effect as found 
for molybdenum trioxide was observed. 

In the image of the particle in Fig. 2, many 
The ap- 
pearance of them changes with the direction of 
the incident electron beam with respect to the 


{erystallite. These fringes seem to be ones similar 


to those observed by R.D. Heidenreich in thin 


_ sections of aluminum), but here, as the thickness 


of the particle is supposed to be uniform, the 
strain, which is produced probably by the liquid, 
may be the only cause of the fringes. In fact, 
no fringe exists in the images of the particles 
in Hig 

A detailed paper will be given later. 

The author is grateful for valuable discus- 
sions of Prof. S. Miyake, Tokyo Institute of 
Technology. 
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A High Pressure Cloud Chamber 
Observation of Cosmic Ray 
at 2740 m Elevation. 


By Y. WATASE, S. MIYAKE, K. SuGa 
and O. KusumoTo. 


Department of Physics, Osakx City University 
(Read November 4, 1950 ; Received Feb. 28, 1951). 


In recent several years, the cosmic ray has 
been studied with the high pressure cloud chamber 
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of about 100 atm, by William), Shutt et al”) 
and Valley et al). And valuable results have 
‘been obtained such as the meson decay and the 
_ nuclear interaction. A high pressure cloud cham- 
ber suitable for filling hydrogen, nitrogen, argon 
etc. at 100 atom. was. constructed in our labora- 
tory). In this summer, the experiment on the 
meson production in hydrozen is planned, and as 
a preliminary study various phenomena by the 
<osmic ray particles were observed in 75 atom. 
argon at Mt. Norikura (2740 m altitude) in last 
September. 

The cloud chamber has the wall of gun metal 
4em in thickness and its dia. and illuminated 
depth are 24cm and 5cm respectively. The 
stereoscopic photographs were taken with two 
‘cameras, e2ch inclined by 5° to the axis of sym- 
metry. By the random operation method, about 
1250 pictures were taken without any shield 
material around the chamber. The sensitive time 
was about 1.5 sec and several cosmic ray tracks 
were shown in one expansion. Therefore, our 
experiment corresponds to the observation of 
<osmic ray phenomena generated in the- free 
atmosphere of about 25m in deepness during 
about 30 min. 

Observed tracks are as follows. 

(1) Single tracks 

About 3000 tracks penetrating the cloud cham- 
er without suffering so much multiple scatter- 
ing were photographed. Their zenith angle de- 
gpendence was cos’ @. 

(2) Shower 

Many electron pairs generated in agron gas 
‘by cosmic ray-r ray were observed. 153 showers 
having more than 3 tracks created in the upper 
chamber wall and 55 showers having more than 
tracks created above the chamber and penetrat- 
ing the gas in almost parallel were observed. 
‘They contain so-called extensive air showers and 
narrow showers. The inclination of these show- 
ers to the zenith distributed as cos'#@~cos'@. 
13 showers created in the lower wall and spread 
to the above were obtained. 

(8) Heavily ionizing tracks 

55 tracks, their main parts may be low energy 
protons. 

(4) Decay of mesons 

Two phenomena to be convinced “ meson-ele- 
etron decay were observed. Energy of the ele- 
etrons are about 10 MeV. and 5 MeV. respectively. 
{Fig. 1.) 

(5) Stars 

Stars having 2 or 3 prongs of 1-2em range 
were rather frequent. The low energy stars of 
6 and 7 prongs and a high energy nuclear event 
of 5 branches were observed. (Fig. 2 and 3). 


(6) Other event 


A photograph as shown in Fig. 4 was observed. | 
This seemed to be pair creation by an elcetron, 
or 3 particle decay of the cosmie ray particle, 
but the decisive conclusion is to be reserved. 


Fig. 1. 4 meson-electron decay. At 
the point A, a meson entered into the cham- 
ber from the back. After flying to the center 
of depth increasing the ionization density, 
it stopped at the point B. The decay electron 
escaped the chamber toward the back, suffer- 
ing th2 multiple scattering. Its energy is 
about 10 MeV. 


Fig. 2. 7-prongs low energy star. It 
was separated by sweeping field. 
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Fig. 8.. High energy nuclear event. A; 
incident, from the chamber glass. B,C,D,E,F, 
are secondaries; B,D: towards the front 
glass; E: towards the back piston; C,F: 
stopped in the gas. The sharpness of the 
tracks is due to that it entered after ex- 
pansion. 


Fig. 4. A: incident particle. B: the 
point of act, 1.5em deep from the front 
glass. C,D,E: escaped to the front glass. 
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Discussion of the Spectrum of 
Turbulence. 
By Ken-ichi KUSUKAWA. 


Physical Institutc, Faculty of Science, Tokyo 
Metropolitan University. 


(Reeaived March 5, 1951) 


We shall have some discussion about my 
papers (1) and (2), where the spectrum of tur- 
bulence was deduced theoretically by the 
quantum-theoretical method. 


§1. The Form of the Spectrum Func- 
tion. 


It is well known that the spectrum of tur- 
bulence must be proportional to exp(—a?k’,), 
(where k, is the x-component of the wave number 
vector, and a is a characteristic constant,) ac- 
cording to the usual non-quantised theory, when 
the inertia term may be neglected. (cf. (8)) 

The spectrum of turbulence, however, takes . 
the following form in the same condition by my 
theory. (cf. (1) and (2)) 


S(k.) = 0.208 63 k1/? [exp (642/*) - 1]-1, 


where k, is the 2-component of the wave number 
vector, and 0 is a characteristic constant. 

The reason of this discrepancy consists in the 
fact that the smallest volume element of fluid 
is considered to be finite, and the effect of its 
spin to be comparable to other effects. Indeed, 
such a situation may occur in the flow of the. 
diffusion pump, where the pressure is very low 
and the density is very small. 


$2. The Reversibility and the Irreversi- 
bility of the Process. 


While the fundamental equation of motion 
of the viscous fluid has the irreversible character, 
for it is the first order differential equation with 
respect to time, the modified equation of motion 

00°Q/dt? = pvaQ 

which is employed to quantise the system, has. 
the reversible character for it is the second 
order differential equation with respect to time.. 
It is reasonable that the phenomenon which may 
be quantised, is considered to be the reversible © 
elementary process, and the irreversibility arises. | 
only in the discussion of its statistical character. 
In our case, the irreversibility of the equation 
of motion of the viscous fluid is represented in 
the following energy decay relation. (cf. 2)) 


The rate of dissipation of energy ¢ 2h*N!/2D. 
where 


‘De aie re des ae 
exp (— EoD oes OEE 


e 3. The Remaining Problems. 


‘This quantisation of the flow may be applied 

F to the phenomena’ which neither hydrodynamics 

“nor the kinetic theory of molecular motion can 

' discuss, such as the diffusion from a hole whose 

diameter is -comparable to the length of the 

mean free path of the molecular motion. 

_ ‘The following facts remain to be studied 

. theoretically. 

y (1) To introduce the general spin. 

(2) The quantisation of the flow in the case 
. of great Reynolds number. 
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‘The Noise of Decaying Electrets: 
By Shoji KogimaA and Kiyoe Kato. 
Tokyo University OF Education. 
(Received March 9, 1951) 


Recently Gutmann() mentioned in the review 
-on the electret that the electric Barkhausen noise 
in the decay of the electret was observed by 
him. However, the full paper has not yet 
ae We have studied the relation between 
the noise and the charge of the electret precisely. 


gue The électrets used were made of 50% rosin 


- and 50% carnauba wax and formed by a field of 
10, 000 V/em..-Its shape was a circular disk with 
_ diameter of 5.5 cm and thickness of 0.5 cm. Every 
time two identical samples were produced simul- 
Besa cously at the same condition. One of which 
was used to study on the noise and the other on 
"the decay of the charge. : 
The charge of the electret was measured, 


- without touching its surface, by a generating 


voltmeter shown in Fig. 1. An earthed vane V 
rotated with a constant speed between the sur- 
face of the electret E and the electrode A, from 
- which an induced current was drawn out. The 
current was read with a galvanometer G after 
the rectification with a vacuum tube T. Since 
the rectified current did not indicate | whether 
the mdused. mearee of the electrode was positive 


- When the switch S was closed the algebraic sum _ 
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Big. 1; proce : 


or negative, we introduced the other electrode _ 
B which faced to the plate of a known potential. 


of the charges could be measured, from which — 
the sign of the charge was decided. The ‘noise . 
was observed with a low frequency amplifier and : 
an oscilloscope. The pulses of the noise was, of 
counted with a_ thyratron counting device. The — 
experiments have been carried out raising gra- Fs 
dually the temperature of the electret to increase 
the rate of the decay, for the natural decay at 
the room temperature needs several years. _ 
One of the results is shown in Fig. 2. “The 
charge of the electret and the number of the 4 
pulses are plotted to the temperature which was Ei, 
raised at the rate of 1°C per minute. The result a 
was not affected by reducing rate to 0. 5°C per 
minute. The curves indicate that the noise starts 
at the time when the homocharge has built up. — 


10 20 AG. 750 °° 60mm 
Temperature (°C) 


‘Fig. 2. 


Gutmann observed the noise not only in the 
homocharge but also in the heterocharge. Our 
experiments show that the homocharge associates _ 
the Barkhausen noise, but the heterocharge does — 
not. A al a 
We wish to express our sincere thanks to f 
Dr. Y: Kakiuchi for suggesting this problem. — 
Our thanks also due to the Ministry of Hducawin bee 


for the research grant. 


References. 


(1) F. Gutmann, Rev. Mod. Phys. 20 (1948) 475. 


with a result shown in Fig. 1. Dielectric m 
‘surements were carried out in a bath of liquid 
paraffin which was stirred vigorously and the 


temperature was measured with a copper-con- 
Tokyo. . stantan thermo-couple directly attached to one 
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° By Gen pe ‘Hine SAWAGUCEI and 
Yutaka TAKAGI. 


of the electrodes. The Curie point was shifted q 
towards lower temperature by 1.5°C under this 
biasing field and, at the same time, the peak 
value of permittivity slightly inereased. These ; 
results are just in contrary to the case of barium 
titanate in which the rise of the Curie point 7 
by a biasing field was observed accompanying a 
- considerable decrease of permittivity. 
A circuit essentially similar to that of Sawyer “4 
brid Tower) was used to display the polariza- 
- specimens were prepared 1 from ZrO; of tion-electric field’ curve at 50 cycle/sec on a 
ity and reagent-grade PbO. These in- cathode ray tube. In these pure specimens, 
aients typical hysteresis loops were not observed a 
d sintered at about 1200°C after a preli- = any temperature and the curves were always 
calcination, The sintered disks, Imm in almost linear except the one with a slight up-_ 
ward curvature (inverse S type) observed at just | 
below the Curie point. Maximum polarization 7 
at 10KV/cm and 20KV/em was estimated — as- a 
‘function of temperature (Fig. 2), and a sudden 
increase of polarization was observed at thel 


Curie point k t 
be valid with C= 1.2x10°°C and 7,= Sain ERE picontpaenirith ates 


C. These. results are in Pe agreement 


i x 10 “coul fm? 


‘Fig. 2: erie. polarization : at t 10KV/er 
ct A as a aanesion of risin : 


Such a abated increase of ‘polari 
the Curie point is eonsistent Rok. 


SA 20 2308 240 
, Riki the thermodynamical point Of ¥ 
; by the Clapeyfon-Clausius « equat 
g. 1. Effect of D.C, biasing field of 10KV Jem _ ‘T..4 P/L, where L denotes, the 
on the permittivity of PbZrO; at rising the jump, of polarization. 
Hie _ temperature, ; ace to conclude tha 


rie point and belongs to an antiferroelectric. 
e Detailed shady is now in progress. 
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Dieay Ridy on Pines Transition: of 
: ogy Zirconate, PbZrO, . 


By Ryuzo UEDA. 
- Department of Applied Physics, 
Waseda University, Tokyo. 
ee , and Gen SHIRANE. 


Tokyo Institute of Tesnaalery, ep aheveine, 
Meguro-ku, Tokyo. 


(Read Nov. 1, 1950 ; Received March 19, 1951). 


Recently some studies on the phase transition 
of lead zirconate, PbZrO;, were reported. 2) 2) It 
if was found that there exists a conspicuous peak 
of dielectric constants at about 220°C, accompany- 
c Be a fairy large anomaly in dilatation and specific 
heat at the same temperature. The detailed 
study on the crystal structure of this substance 
is required for explaining the phase transition 
which is different in nature from that of BaTiO,. 
_ Although X-ray powder analysis of this compound 
‘has been already reported by the several authors, (3) 


there are yet no detailed studies on the crystal 


| structure and its temperature change. 


A schematic representation of the powder — 


photographs of PbZrO, at, room temperature and 
~ 250°C is shown in Fig. 1. In Fig. 1-A, it is in- 
dicated that there aré many faint additional lines 
due to the superlattice besides the strong lines 
of the. basic tetragonal lattice, the lattice con- 
| stants of the latter being : 


, ; 3 
a=4.150 A, ¢ = 4.099 A, cla = 0.988. 


_ Above the Garis point, the prone main lines | 


which are marked by small circles in Fig. 1- A 
are retained, eoaleseing into the cubic lines of 
the perowskite type, whereas faint superlattice 
dines disappear (Fig. 1-B). The dimension of the 
ppapetinttion sia four, times as large as that of the 


7 : PZr Os . 
Ai 25°C Tetragonal Supersitruclure 
| 


(e) 


0 0 oO 0. 0.09 (0) 00 00 
B 250°C Cubic Perowskite Stuchee ‘ 
(110) ree) (iene 

ee (431) — 


(211) 
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(332) 
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Fig. 1. Debye photogramms of PbZr0,(CuKa) 


basic cell. The same conclusion has been. recent! 
obtained by Sawaguchi and others for monacrye 
tals of this compound. ‘ 

‘ The eee dependence of lattice e 


- Lattice constants vs. temperature 
curve of pants SRV 


Lattice volumes v.S.  henlne ie Ne 


“AS 


Fig. 3. 


at the Curie point is rather steep. The — ie 
lines become diffuse between 180°C and 220°C 
indicating the existence of strain due to erystal i 
hybrids in this temperature range. The deviation 
of the axial ratio from tnity is about 19 of the - : 


- lattice dimension, which is in the same order of 


that for BaTiO, (Fig. 4). ‘ 
The thermal expansion « calculated from the 
lattice volume vs. temperature curve is 2.6x10-5 


120. 160 200 
; Temp, °C 
4, Temperature dependence of axial 


Peo atlas below and above the Curie point. 
hi ae. of « agrees satisfactorily. with. the 
sult of the dilatometer measurements formerly 


Ds has 3 a close relation to the dielectric 
The more detailed 


s 
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Accelerator. 


By Haruhiko MORINAGA. 


on constructed in order to study the possibility 
F using such devices in bombarding experiments. 
r special type of cavity resonator suitable for | 
i acceleration of relatively low energy particles, 
as developed for this purpose. 


40 _kilovolts’ 


Ceram. Soe., 33, _ 


In the prelimi- | 


Fig. ie it was found that the total s 
voltages between five gaps was. about. 30, ,000. volt 


- when the imput high frequency powe? is 60 watts. 


Actual cavity shown in Fig. 2. has nine gaps 
and a glass cylinder which may lower the shunt 
impedance of the eavity. It was found, however, 


_ that by giving sufficient clearances between the: 
glass and the metal parts in vacuum, the loss, 


in the glass eould be minimized. High capacitance a 
between electrodes also decreases the shunt im- 
pedance of the cavity, but it in turn increase; 
the resonant wave-length. This fact is favorabl 
for power generation and for injector require- 


‘ ‘ - ° “. “< ¢ 
‘ments, because for such a small injector as w 


have, the use of too small wave-length wou 
reduce . the gap lengths and the size sof. 1 : 
apertures of the electrodes too much. Resonant - 
wave-length was found to be 4 meters. for: “the ; 
cavity whose diameter 
and length are 1 meter 

and half a meter respec- 

tively. The first gap for _ 

injection 

energy was chosen. to 


be 9 millimeters and the, 


length of a gap and the 
length of the neighbor- — 
ing electrode are almost. 
equal, both of which are’ 
made longer in accor- 
dance with the increase 
of the energy of the 
protons. EOweD is fed into the mee! by 


‘Fig. 1. Cavity for 
linear accelerator. a 


h.f. power up to 4 kw. The order re) 
gnitude of the voltages between gaps. 
sured by a ring attached just | in front 


too seriously. Tots. to be “acceler: 


- duced in a simple Philipps’ gauge typ 
, and pre-accelerated to about 70 kilovol 


20 inletorsin eee unresolved beat para 


: injector. was ere on a gah 


pes ions ass sete ov 


| 0s: oseape babe. With” 


“screen, whosé energies were estimated to be 
50 kv. Energies of the protons will be in- 
ereased by the rearrangement of electrodes and 
by eaetigk enue more Leree into the cavity, 


~ CAVITY RESONATORS_| 
~ GLASS CYLINDER 


oie 2. Small linear atcelerator. 


a “The author wishes to Biaale Professor R. 


Sagane for supervising this work and for his © 


constant encouragement. - He also is very ‘gra- 
_teful to many persons who gave him many sug- 
_ gestions: ‘and conveniences. 
very highly the helpful assistance of Mr. 
-Hasumi. — 
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| Current Amplification by Silicon p-n 
2 fete ot. Junction. 
. ae By Yasuo KANAI. 
The Hlcebyead Communication Laboratory, — 
| Ministry of Telecommunications, Tokyo, Japan. 
© Read ‘Noy. 4, 1950, received Feb. 27, 1951) 


eye Lt was: suggested) Be W. ‘Shockley that the’ 
‘trans'stor action, @) which is related to elect-’ 
“rons and holes in semiconductor, could occur 


at pn junction of semiconductor ; namely, the . 
pn junction was available as emitter or collector | 
in transistor sense. But the experiments of this . 


sorts were not published yet. The author made 
he. silicon g-w junction, and found the current 

mplification: of this element “was Suiozent in 
: ermanium transistor case. 


: injec! on, energies and 3kw plate imput — 
the oscillator, accelerated protons came to. 


And he tie : 


_This work was partly supported Be. ; 


lf 


Small paieat ss of phesoboras were doped in : 
pure silicon and were molded to ingot. The Ya 
upper part of this ingot was p-type and lower, ae 
n-type. This ingot was cut vertically and a 
sample of silicon, in which one part was n-type, - 
the other, p-type, was made., The two ends of veel 
this sample were electroplated by Ni and soldered a 
.to leadwire. (See Fig. 1). Firstly the author 
found the anomalous phenomena, when a cat 
whisker was placed in vicinity of p-n junction ; e: 
and the circuit was connected as shown in Fig. E 
‘1. -V was kept at constant voltage througout 


Silicon sample. ‘ he 
B: Cat whisker Sn. 
(0.2mm ¢ W-wire) 
-C: Switch. 


data van plotted in Fig. 3. ie the zane from # 
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Néel’s Tibobs of ferromagnetism” has sue: : 
ceeded in explaining the saturation magnetiza- 
tion and susceptibilities above the Curie point 
‘of magnetic ferrites and their solid solutions. with 
zine ferrite. Recent experiments on ferrites 
fayor of this s RRPOEY are so > numerous t 


te “Vy ‘was j very large in comparison 
pe of a (about — ad ‘in permenant 


; germanium transistor. ( ’ 
s emitter current © “was increased, col-. 
decreased. This 


iohialogs effect (1). 
eects is. found when cat whisker 


pinky: and the same effect was ‘also Foutld 
whisker was placed, on p-type portion 


Bell ee Tech. Jour. 28 


Phys. Rev. 


Fig, 10). oats de 
- tion Ret reoi ave of 3 
Pisin 


on and Curie "asthe hor Ni-Zn fer- 
The cates are shown and are compared 


- Fig. 2, Wrens’ (Guillaud) and 
calculated . Curie points of 
 Ni-Zn ferrites. 


corresponds to the approximation which neglects 
_ the fluctuation of the molecular field. As can 


be seen from the Figs., the theory gives stronger © 


temperature | dependency and higher Curie points 
‘than experiment, especially, for those ferrites 
- whose compositions are near that corresponding 
_to the transition point from Q-type of magnetiza- 


tion to R-type.3) This disaccordance may be at- 


‘tributed to the approximation taken here; a 
better approximation is possible for the ealcula- 


—> on Bohr magnetons . 


(2. ~40 30 Oo 
{ ; MO ge as 8.0) 
‘ ad 6 Mek 


Fig: 3. Saturation magnetization per 
__. -moleeule given by Guillaud. ...Ms/g,_ 
- -—g_being taken from Okamura and 
_- Torizuka. 


_ tion of. the saturation magnetization at absolute. 


tion of interactions with temperatures. ak 
‘actual configurations of neighbors of an ion 


_ dency of magnetization is the strongest, and 


an considerably higher than 2 near the co 


divalent. metal, ions. 


zero which takes into account that for ferrites. 
containing considerable amounts of Zn-ferrite, — 


Each configuration might be re 
garded as being. specified by different local Z 
content. The result with this approximation is 
shown in Fig. 3, assuming g = 2 and 8 = —0.228 
all over the compositions. (@ is the ratio of th 
16e—16e interactions to 16c—8f interactions) 
The agreement with experiment is quite satis oA : 
factory.* The above value of @ is somewhat 
higher than is predicted from the measurements | 
of susceptibilites above the Curie points, whic 
may be considered as an indication of the var 


obvious that the results of Figs. 1 and 2 mi 
be improved with this approximation, since th 


16c position are always different from the mea: 


configuration, for which the temperature depe: 


difference between ferromagnetic Curie p 1 
and paramagnetic Curie point which is con- 
sidered to be caused by the fluctuation of 
molecular field is the largest for the ear 
tion of R-Q boundary. : 

~ Recent measurements on g akin for t 
/ferrites at low temperatures’) show that. 


position of Q-R boundary. At present. it is 
clear whether this fact is caused by the im 
magnetic field or by the ionic states ote he 


of the Ministry of Education. 
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* Néel has given a similar argument but with somewhat e 
different results from that given here; this may be due to | 
a slight difference in minute assumptions made jn the com- 
putation. \ 
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“e “Introduction. far eS 
PEN 
In-a previous paper“), the problem’ of 


excitation of an atom by electron collision 


oe configuration was: 
_ formulae for the probabilities of excitation 
of this kind for thé atoms in J,”- and 1," l.- 


_ rarified’ gases, are mainly of astrophysical 
_ interest. In laboratory experiments, on the 
2 Bother hand, the atoms usually change their 
electron configuration by excitation, which 
we shall deal with in this paper. Similar 


procedure as in the previous paper leads to. 


_the required formulae also in the present 
case. 


excitation . of an atomic electron to conti- 


< “nuous level, can be treated | in, the similar 


_manner. 


_emploved ‘as in the previous paper.. In §2, 
the probability of excitation of atoms in 


_ I-configuration by. electron collision, Zoe 


in’§ 3, that of ionization by electron. collision 
} ior ‘such atomic configuration are obtained. 
_ The problems ‘of excitation and ionization 
of atoms in some other typical electron 
configurations are treated with intimate 
correspondence to those for /;”-configuration 


in §4. More concrete formulae for the cases | 


peeiating | to p- and d°-configurations | are 
aeren in the last section. 


é “g2. “Probability of Excitation ‘of Atoms in 
ag i :”-Configuration by Electron Collision. 


The method for obtaining the Salty 
that an atom in (rSLZ)- state makes /transi- 
‘tion to (7 T/S/L')- state by the 
and 
ee ‘this aes we ob- 


electron “was given by Yamanouchi 
z Kotani. 


Exe ttation: of Atoms by Electron Collision IL. ee 
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Excitation of AF Onis by Electron Collision ‘II. 


By Hisashi Hort. 
Depanoment of Physics, yey of Tokyo. eae i: 
(Received October 20, 1950) : 


“between - the states of the same electron: 
investigated, and the 


ae were obtained. These pro- _ 
‘cesses which take place only in extremely - 


‘The ionization of atoms by electron 


collision, which | ‘may be tegarded as the as) 


‘In this paper, he ‘method of Racah) is 


impact of - 


of tensor operator # douced by Racah®), fi 
the previous paper I. Similar considerations 
can be applicable to the case that. an ato1 
makes transition to the state in some ot 
electron configurations by electron imps 
and we shall treat the. probability that 
atom in i"-configuration from. its 


spherical waves with angular cone 


acteanint! 
of the differential Pee eget ed S 


Se 1 , 


d? on 
: an 2Un)—— 


od 2 


The phase shifts 6, are Wie | ae 
asymptotic form of yz,:(7); ee 


Bares ~sin (tr—F +0) : 


(*). Atomic units are used throughout this paper. 
“(**) For the sake of simplicity, we use the nomenclature 
“atom” irrespective of neutral atom or ion. The only 
formal difference appearing in this paper in the case of ion 
frcm that of atom arises in the asymptotic form of wave 
function which ‘can. be inSesed by adding the bitin t 


k log 2kr.to the argument cf sine function. 


» 


“terra @) = fer, v (Sr, m(,8), (VY) 
Hare: Sy he Es are ‘the tstliane spin 
orbital angular momenta of the system of 
ww Hy, wey = 0, (2) initial atom and incident - ing wave 


of final atom and sce Itpartial v 

respectively, since we neglect the spin-o 
: wn) has the. asymptotic SORTA, interactions. The interaction Hamiltonian 
dette H, -which gives rise to the transition, be 


TSS a Ur 
“Yk, ~ sin (x LTE ris: (3/ 
yer, u(r) tts ie : ) : equal 8 o asi 


tak Sheet? : 


and colliding electrons. Here Paste means: 

the distance between ‘the i-th electron 

the colliding electron. (” ae a 
“TMesEteTe, our sao laa is” s reduced 4 


hs 


rie 


un density whose velocity is ky is giver ; 


_ Ww = ack! SUH", 
(at 5 aacite A 


i he We an : a M4 in i Cones eoeaiae, to a 6 and @ 


‘ Pad 


(2 LNSiL, leon PM, (SL) USL) | ne, ks, ” re area : ke 
ey ; 
te a WLLL; Lit){qe, UN Qx(id, KU +Drall Utes Oh 


AAr | 
Cease 


e W (c bed ; ef) is the W- function Aefined: in R. A, 36’) and . ‘a . 
Qu, wt)= fp Pin) Yer (a | 


Seti, 


P. xr) yer, u w(rdardn, 


“t ule KY ie 2 iy Py(rs) Yar wots Shel Yk aw (ry) Parvin. : 


rig is that of ie gah in Ink LSI"! state. ; ei Dy sats oe a 
after STALE RW AES calculation according to Racah's method as. follows: oe 
ay tl I’) a, 1) 


LI ~ 1; - 


a nye GED CED OLD. v a nili'aSL Gli" (@/S'L") ASL)» me 
| ‘ wink pri bas WU Qa, Hs ahs 


j 


ae * aaljlino mr sie sp; SF ”, e abe Sih 


h 


Be, Lt - u- a 5 * : af 
a, he re) oy" NL LD vy tot tee SD) % 


(l’) fk Ets SI+1/2—S) 


‘(Qe +1) 7/ cabans NES ANNs 


oe Biome ty leetron Collision, IL. : sri : is ts 217 ,: 


5 fi L,2- (a’S'L!) LSD): is ite coefiicient of the fractional parentage which Ragah | 
D luced in R ‘I, and gave the tables. of the coefficients for his =} and’ 2. By, x ons 


Ty qt 
(E15 It) - = 3B: And A, (kl, k/l’) and’ B, (RI, k’l’) are defined as 


30), 


AKL, Fl) eee (1]|C® ||) CI}C|I0") Quld, HV), 


Ny 


Blk, te ce 5 lewlenaico it )Ru(kl, HN), 
a 


One ae order to oes Ur in 6, 
_serting (7) inep 10). 


the statistical weight ot the initial atomic state, we obtain 


tS ele = 22 +The. M@ISIL SLY BW Ll; LM Ley 


EAs, kV) — VRAD ape1 Woalal!t: «BCE, KV) 


“ss” +ayrrapsias": sy Geb SV 2051 Wl WN; Se. KY}, ae i: 


but the second term. Contribares. By the Sree “of (HCO ||2’), R. I, (50"), and th 


- definitions of Ax and cps (11), we obtain the conservation of Parity at once, i.e., 


crit 
BE 


Ltle-HU-+EU = even. 


: the ee ‘condiion| |4-hlSe heh a4 1h += even, and paiies by Noel { 

| iV Sl+« and [+l’+«=even. The conditions for B, (kl,k’l’) are given by replacing K; 
Raid i by a; and Iz in those for A, (Rl, R'l’). Selection rules for S’’ and L’’ are obtain 
by the Property of W- function and above-obtained «x-values as follows: 
SN SIE Sanaa ae ee GM ae ae Lott th" : 
Bee er ines Sa) Li 2b, L41,%-+,LD2G+h): 

; Of course, negative values of angular momenta must ie excluded. 


de considered < as, in: ae ee. siuaeeced excitation L(aSL) > I> Va a! S'L!) Is SL, 
5 ‘ds-el ron of the final atomic: state makes transition to continuous level and final s! 
and Pils are indefinite. Therefore, we can obtain the probability of ionization of ato: 
ain: 1,-configuration | from the results concerning excitation in the preceding section. 
_ For. the incident electron, Eqs. (1), (2) and (3) hold in this case also. On the other. 
hand, the wave functions of scattered electrons with velocities k’ and k’’ are. represented — 
Sa SS ae | beivm(r) = fer) Sin 0,9) Ce Ge 


and similar expression, where De vv gi = k'r fxyv (7) satisfies the differential; equation 3 
@ YyKir ( 0 he vill ae PEO ath grr 
dr (ae =20"(r)— } Yen (2/7) 


i 


kt 4k? = Bere Ba) 


Ww = = 16K"? 3 _ynr Fe 
huts us Pare, a W775 arn 
Assy. ee ir - 
in ue vor A 


a 


gee eS 5 St QS 41a) 


1,7 L).1 L ne SIL! wise, USL 
SH TITS, Ly eae Motes am s i cc , 1 va 


yn = wah meas fi 1 dy? CISEMSDADAM: my 


a P(r r) ste ye and yen, ” uN respnctinely, We ies: to eS 
er by Watanabe, we denote B, Us eae: and ae (fs aes instead of 


: 2 list 0 eS) hsb [SB.l; Pee 


“Bi Ge DODM ven; BA WEN B (es Ht Bo ving L 


' 


Billi Ul!) = eee ae aie! anaconda: re 
fe rif ¥ ADEM i hy 


‘ i J 1 


Rill 1s ah IP Pu(ri)yr, Mr) 


4, B, (1; VU’) and Ry (1; 0") ) are obtained fest Bi (lt; 1") ) and 
TV and 1”, respectively. Therefore, U;/” is equal to. i 
t respect to Re and Rr. oe (18’) into (16); ve have 


Rite: 


A Bvscitation ess ty See SN Ae RON RE OAS. 


(li 2ST h IS LNLSEED sa) (SBA uns 
= -Dy Vv / Bet DQn 1) wun; co Bull MB ull WU + SB Vy]. 1) 1) 


It is ‘seen Pott this Reema that the probability of ionization depends on the initial and — 
final atomic state only through the factor n(laSL Ol"-\(a'S’L/Y1,SL) and k’k!’, except — 
the indirect dependence through the integrals R, and Ry. Therefore, if the summation Te 
(21) are written down in terms of R, and Ry for given /,, it” can be used for any ioniza- 
tion process in which the jumping electron is J,-electron.. For example, the values of © 
eV eee a 2S+N)2L+1) Ut"! for peP)+e>p'@P)+e’+e” in Table [II of Watanabe’s — 
paper can be used in calculating the probability for any p” rer p?-10S/L!\+ e/ +e", 
a remembering that, according to (18’), 


: ev gay 2. 3-5. 2 Some a V (2¢+1) (2441) WLU; kM) BrBy +S By ok 


14=1 


= 12(582-5 V (2e-+1) (24+1) Wd 5 YB Ba SB ho 
Kk es Be f he ‘ 


a Excitation and Ionization of Atoms in Some Other: Cintigurdtions. 


The probability of excitation of atoms by electron collision are given, in generar, 
by decomposing the wave function oe incident ans ceed electron into their partial 
Beccieal waves, as follows Sal, 


: a ; WB SON, saw 


| RY Fo angular momentum Tn. Then, the final atomic state is Paha se by (S29: 1S! iL 
where ee, denotes parent term. For such cases, the partial probability Ba can. 


BA Table I. 
i : 
pil Excitation heat Ionization aN so 
TSUS (SEM SEN OO SL SUL Kosh CS 
¢ L Are 4 reat of fy e 
“Wea! SILNSE-ls (oS L' ls STI be a's eee SL ly Wal S’ ae Pe pee 
- ma,Sila)- “12(S:L)SL-> SW alan SeLigh-1-(SeE a) SL > V2 (yr(orSLr)- 1 (SeLy)SL 0 
1(aSiLi)(S' L/S! tLM Bed ee a SiLa)h SILL 
; “WSLS Se he et. es aah: vn UiexSiL) ,SZ {i efi IED 
a yn 1(ay Sy Ly! SPE S2 We Meal TANSIL/ Maul Sy Za/d (SIEM 
tea -1;P(S_LSL)—> pes  Ay(c,SiL1)*1g?(SoLn)SL— Vn (y(erSiLr) 1,2(SsL. psn Ga 
Ee ep Man" S1! Ly! ): oe Lz la LoS"! i Ly May" Sy/ Dy’) 1,°(S.Ls)(S' LI ane 


Uy? 1(o¢,/Sy/ Li’) -L3P(SyL2)S'L! | 


Bes phe: 2 fi 


AeeiSEa)- Le (SLs SL GLa SiLyh(S'LLSL) = V (S/F eL-e ROSeINDEe TD ESA S$; S'S) Aaa 
WLi Ll; L'ls), le 

ow 1(a18,Li)lsSL [07 "(a" SLi! VUs(S'LNy SL)= v/ (2S! LeL ese 1)(2L1+1) W(Sid 2S’: SS) ae 
: \ WiLL! ; LIy ire Sita { fi Lye TaSy/ Ly! \l,SZ), (*) 7 h i, F 
ee MgManSiLa)> 1 jP(SaLa)SL {ily '(o4"'Sy!Ly!)-Ls(SeL)(SILNUSL=V OS +FYVOL VAS 4tV2L+1) 


rc W(Si1S24S! ; SSy!)W (Lr DLhL! ; LL) SL Gh? (ay Sy Lr, SZ). 
WS 0) The values of these coefficients of fractional parentages for /, = 2, 1,=0 were given in Tables 
ze rye SAXTY XVI of Robrlich’s paper : F. Rohrlich, Phys. Rev. 74, (1948) 1381. 


oy ee. eT 


) 


Uh = Ba! 3yfaSb, 1S’ L’)? SW UL. YN Diet 


“LH Axte, BV) — VA y/o VI; «0B Ruy 


+z 3 (agi. Ws Ss : is; ay (2x+1) {av 2u+1 Wiad; mB EO Fa 


. 


} 


rele note =Vn (iraSE-0t-\QISEISE)- 


ar snes ae (a!S!L! +e! +e", UiMr i is given by 18’). 
be Gertyed from U,"" in the same way as stated in $3. Ths, we 


unr at 0 SSE, VSI) AEB all; wn? cm 


- -3v Berea Mav: eADBalls Unb vn+e ma Hun, 


: Mes itation nll Ionization of vents in 


wv i 
at 


sider ionization. The ant Semehee is given. by as’) assigning 4, 

; 3) given by (19’) are shown in Tables II, and IIz for J; =1 d 2, 
BAAE : Vl’) are derived from B, (1; sa by interchanging - i and se 

nd {Iu give thé values of W(LU/1/1;«n) for l)=1 and 2. Table III” 
nabe’s paper can be obtained by Tables Th and ae ee nites: 

: (2S+1)2L41) Ui" ¥ 

_ For the case of excitation, the partial probability is given by (aa) a 

11) can be obtained from &,(1;1/1) by assigning Is for’ and rep] 

Kc (RI,R'l’), aud B,. (kl, k'l') from Bi (1; ERY, by assigning Ty for | 

al by R, (ki, Ril’). 
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$1. Introduction. 
The properties of Ni-Mn alloys contain- 
ing less than 40 percent - manganese have 
“been studied. by: Kaya and Kussmann in 
_ connection with the existence of the superlat- 
itice alloy Ni:Mn. But, the writer hopes to 
- find interesting phenomena for Ni-Mn alloys 
~ containing more than 40 percent manganese, 
Pras especially about 50 atomic percent 
i _manganese, from the results of Valentiner 
and “Becker. @) So the writer has studied 
si Re ainiy ‘the temperature dependency of the 
electrical resistance for the Ni-Mn alloys 
- containing 50 and 47 atomic percent man- 
; Boeonese and the temperature dependency of 
- the thermoelectric power for: that alloy 
_ containing 47 atomic percent manganese. 


Bs 2: Specimens. 


4 RY The materials are Merk’s manganese 


cand | electrolytic . ‘nickel. They are melted 


of 47 atomic percent manganese Ni-Mn 
alloy is so hard and brittle that it can not 
ge be sawed. And, as the specimen of 
_50 atomic percent manganese Ni-Mn alloy 
B.S extremely brittle, so it is necessary to 
handle it very carefully. We used the 
ii specimen in the cylindrical form of about 
“5 mm in diameter and about 10 mm in length 
for the ‘measurement of the electrical re- 
. sistance of 50 atomic percent manganese 
,. and one in the form of about 5mm in 
diameter, about 50mm in length for the 
j measurements. of the electrical resistance 
and the thermoelectric power of 47 atomic, 
"percent ADEA SS : 
» 38 Results of Measurement. 
’ me The nb ature dependency ae the 


i-Mn alloys of Intermediate Composition (1). =) 


Vay: 


| By Takao Sato ale ae Bee: 
Physical Institute, Faculty of Science, Tokyo Metropolitan University. 
-> (Received July 1, 1950) 


of the 40 atomic percent manganese Ni-h 


together in Tammann tube of magnesia’ 
_ and we have the alloys containing 47 and | 
50: atomic percent manganese. The specimen - 


a Some Properties of the Ni-Mn Alloys of Intermediate | si 


‘Composition (I) 


electrical resistance of the Ni-Mn alloy By 


' containing 47.atomic percent manganese. _ 


We show the behavior of the tempera- 
ture variation of the electrical resistance ae 
of the Ni-Mn ailoy containing 47 ‘percent - 
manganese in Fig. 1. It resembles to that. 


alloy observed Kaya and Kussmann.(@ 
Namely, the electrical resistance | increases 


Fig. 1. The specific resistance vs. temperature 
curve for the 47 atomie preent manganese 
Ni-Mn alloy. Curve a and bd are the heating 
and the cooling curve, respectively, at the 
rate of about 2-3°C/min. te 


500°C and decreases remarkably 
temperature region from’ 520°C to ae 
700°C and again becomes nearly constant _ s 
in the region from 750°C to 900°C. Ths 4 
rate of heating and cooling is about — 
2-3°C/min. te 
The heating curves after duenchinees 
from high temperature are shown in Fig. 2. 3 
At the room temperature, the specific re- e 
sistance of the quenched specimen (5.2-5.4x — | 
10-'2cm) is slightly larger than the an- — 
nealed specimen (4.8x10-5Qcm). The tem- _ 
perature dependency of the specimens qu- 
enched from above 700°C has the similar 


Ne r 


Be In se case he the specimen Po aacted 
m about 520°C, for example, the tem- 
perature vs. resistance curve has a small 
i ip at about 200°C and has the flat part in 


ao 


RY: Perea ture region 400- 500°C. 


945° 892° 


‘of the aeces ‘specimen and the J 


bis that of the quenched specimen 
80°C. These are the results measured» 

a’ rate of 2-3°C/min. If the temperature 
quenched specimen is quickly raised 

e temperature corresponding to the 
nt A ie B in Fi ig. 3, its Spores resis- 


the B’ point. 


Me 
aces ‘to. thew tu 


tween A and A’. 
c in Fig. 3 is obtained at the rate of abo 
2-3°C/min. On the contrary, at 550°C (th 
temperature corresponding to the B point) 
the specific resistance | increases so. rapid — 
that it takes only about 15 min. to reach to 
Consequently, we may have © 
different maximum point by heating the” 
quenched specimen at different rate. | 
2. The temperature dependency of the : 
electrical resistance of the Ni-Mn alloy con- ; 
taining 50 atomic percent manganese. re 
This alloy is extremely brittle and its” 
handling is very difficult, but four’ nickel © 
wires of 0.1mm in diameter can be welded © 
to the specimen along its length: the 
end wires. are used for the measurement 
the main current and the others. for” fi 


io 


measurement of Nig Lge woe bety Ww 
done sie ‘the air quenching i is. easily p 
sible. 


x10 *Qan 


; Fig. 4. The specific résiatanee vs. ANY mp 


curve of the 50 atomic percent 

Ni- Mn alloy. The curve a and 

-aré the heating and the’ cooling | ; 
spectively, at the rate of about 2-3°G/ 
The curve ¢ is the heating cur of th 
specimen apenas in air on 


oe TReeArn oie in the 
ting curve and the cooling one at the 
te of about 2-3°C/min. is larger for the 
atomic ‘percent manganese ailoy than 
the. 47 atomic percent one. At room 
é mperature the specific resistance of the 
50 atomic percent manganese alloy is about 
[9x 10-42cm which is about four times that 
the 47 atomic percent one. If one qu- 
mches the former in air from 890°C, its 
ecific resistance at room. temperature 


imes that of the annealed specimen. 

The specific resistance of the quenched 
Specimen on: heating (curve c) has the posi- 
tive ‘temperature coefficient up to 500°C, 
decreases with increasing temperature and 
ecomes nearly constant in the neighbor- 
‘hood of about. 650°C. 
owith the curve a at about 700°C. If we 
juench > the specimen from 650°C on the 
urve c, its specific resistance at room tem- 
‘perature. becomes nearly equal to that of 
the annealed specimen. Hence, the quench- 
ing effect of the specimen quenched from 
890°C will disappear in the temperature 
region above about 650°C. And further if 
‘we keep the ‘specimen at 440°C on the curve 
c, about 1 hr., the resistance does not change 
ny more. 

Beast Ene cue naire dependency of the 
thermoelectric power of the Ni- Mn alloy 
‘containing 48 atomic percent manganese. 
We see that the Ni-Mn alloy containing 
47 percent manganese shows the anomalous 


behaviors of the electrical resistance at ~ 


about 500-600°C, so we suppose the measure- 
ment of the thermoelectric: power of this 
alloy may be interesting. 

Ay: For the measurement, of the thermoelec- 
tric power, we adopt the method used for 
the measurement of anomalous behaviors 
f the thermoelectric power of the Ni,Mn®) 
nd €u,Au® superlattice alloys. The re- 
ults,. which were obtained when the speci- 
men was” coupled with platinum wire, are 
hown in Fig. 5. The rate of heating is 
about 1°C/min. “In this figure, the curve a 
is the result ‘of the annealed specimen, and 
the ¢ curve b is that.of the specimen quenched 
from | 880°C. The results, as may be ex- 
| - shows: clearly the seta a be- 


comes 3.4107 42cm which is about 1.8. 


It coincides nearly © 


-haviors in the range of 500-600°C.. ty 


atomic percent manganese is due to the > 


200 400 ~ 600 


47 atomic percent manganese. The curve ¢ 
is the heating curve of the annealed speci 
men and the curve 6 is that of the quenched — 
one from 780°C. The heating rates are 
about 1eC/min. 


greatest value of the thermoelectric po 
for the annealed specimen is 30. 5 wVjdeg. 
and that for the quenched specimen is ne 
ANSE 


§4. Discussion. 


quenched specimens containing about 50 


existence of a superlattice. However, the 
writer has not found any reasons that there 
is a superlattice. Namely, any character- 


istic features of order-disorder transforma- 


ee oa (ee v3 te made yey ee? ake ;3 nea 
ion are not found by an indirect method | 


ch as the measurement of the température 
dependency of the electrical resistance of 


ining 50- atomic percent manganese. 


nce, the Ni-Mn alloy containing 50 atomic. 


rcent manganese may be the Ni-Mn: com- 
und as Dourdine“™) has suggested. 

According to the X-ray analysis by 

alentiner and Becker, the Ni-Mn alloys 

; aining 40-70 atomic percent manganese 

lave ‘the face-centered tetragonal lattice 

their axial ratios c/a have only slight 

lif erences. Hence, the characteristic crystal 

cture does not appear in the 50 atomic 


ference of brittleness between these two 
mens and suggests that the alloy con- 
ing 50 atomic percent manganese has 
almost filled Brillouin zone. Hence, the 
ffective number of free electrons of that 
lloy may be smaller than that of the 47 
ic percent manganese alloy. 
In the case of the 50.atomic percent 
ganese alloy, the increase of the specific 
sistance due to quenching may suggest 
i the state density of the 3d band at the 
ace of the Fermi distribution of the 
ched' specimen becomes larger than 
of the annealed one. ; 


: é On the other hand, in the case of the 


atomic percent manganese alloy, the. 


nce of the specific resistance at room 
erature between the annealed and the 
q nched specimen is very small and the 
a temperature dependency of the resistance 
of the quenched specimen of the 47 atomic 
cent manganese alloy (Fig. 2) is entirely 
‘erent from that of the 50 atomic percent 


ae alloy (Fig. 4 curve ‘c).' So we 


ive relation may be different from that . 


the 50 atomic percent manganese alloy. 
_ The region of the negative temperature 
_ coefficient of the resistance comes to appear 


thee 20 pees 


understand Ne fact, one 
the annealed and the quenched alloy con-.. 


The a Mn. and the 8 ie are a com} 
cubic structure with 58 and 20 atoms, re. 
spectively, in the unit cell. But the 7 
is the face centered tetragonal structure. 
The a Mn transforms to the 6 Mn at abou ) 
700°C and the 8 Mn ‘transforms to the 1 
Mn at about 1200°C. The measurement 
the temperature dependency of the resis 
tance of pure metallic manganese is ver; 
difficult, but has been done by Grube a d 
Speidel™ using the electrodeless methoc 6 
Their result is shown in Fig. 6. i] 
While, in the Ni-Mn alloys containing 
40-70 percent manganése, the face-centered 


ay 


x10 *Nom 


300 c ah 
The specific resistance vs. temperature 


curve in the transformation from the a Mn. 
to the 8 Mn (after Grube = ads q 


200 400 600 — 


Fig. 6. 


temperature regions, some Piper rel 
to the transformation from. betes a 


1951) 


coefficient of the resistance has not clearly 
been considered. 


Resistance 


Temperature 


Fig. 7. The resistance vs. temperature 
curve of the Ni-Mn alloys of the in- 
termediate composition, schematically. 


The temperature dependency of the re- 
sistance of the Ni-Mn alloys of intermediate 
compositions may be considered in the three 
parts A, B and C as shown schematically 
in Fig. 7 and these parts should be due to 
the effects of the a Mn, (a+) Mn and 8 Mn, 
respectively. This consideration for the 
electrical resistance of the Ni-Mn alloys is 
important to understand the mechanism of 
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the transformation of manganese itself. As 
to this point, the writer will discuss in the 
other paper. 

The writer is indebted to Prof. A. Oka- 
zaki for his valuable discussions and to 
Prof. K. Omori for his kind encouragement 
and continued interest. 
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On Sub-boundary Structure of Aluminium. 


By Harero IWAMURA and Nobuo SHIOTA 
Faculty of Engineering, Ibaraki University. 
(Received October 26, 1950) 


$1. Introduction. 


The idea of ‘‘block’’ and ‘‘ sub-boun- 
dary’’ composing the crystallite grain of 
metals was accepted without much resistance 
long before their actual existence could be 
proved. More or less extended studies of 
the problem has began only in the last 15 
years. The microscopic study on the sub- 
boundary structure of metals, recently car- 
ried out by Lacombe and his co-worker“) 
seems to bring about a further development 
in this field. By using the same method, 
we performed some observations upon the 
effect of hydrogen gas on the structure of 
aluminium single crystal, and, here we will 
report our preliminary experimental results 


and the related discussions from the view 
point of the theory of dislocation. 


§2. Experimental Results. 


Each specimen was :electropolished in 
Jacquet’s solution and then etched with a 
mixture of aqua regia and hydrofluoric 
acid (47% fuming HNOs, 50% pure HCl and 
3% HF). By the extention of 0.5 per cent, 
etch pits of pure aluminium single crystal 
are smaller than those of the single crystal 
prepared from the molten metal into which 
the water vapour was blown.®)® The 
lamellar lines are found «in either case. 
(Photo. 1 (a) and (b) ). 
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Photo. 1(a) x 128 Photo. 2(a) x 128 


The etch pits of pure aluminium single 
crystal after the extention of 0.5 per cent. 


—~ 


Photo. 1(b) x 128 


The etch pits of the single crystal pre- 
pared from the molten metal into which the 
water vapour was blown. After the exten- 
tion of 0.5 per cent. 


-cluding hydrogen gas. 
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Photo. 2(c) x 128 


(a) is the etch pits of pure aluminium, 
and (b), (¢) are the structures of specimens 
including hydrogen gas after being reduced 
cold 60 per cent in section. (b) is the 
specimen blowed for -5 seconds and (c) is 
the specimen blowed for 15 seconds. 


After being reduced cold 60 per cent in 
section, some etch pits are generated along 
straight lines and, on increasing the volume 
of included gas, the sub-boundaries are 
formed by these etch pits, the sizes of 
bounded area increasing at the same time. 
(Photo. 2 (a), (b) and (c)). And the sub- 
bourdaries have a tendency to disintegrate 
slightly in the annealing process for 44 hours 
at 620°C. (Photo. 1 (b)->Photo. 3 (a); Photo. 
2 (b)+Photo. 3 (b)). The sizes of each pit 
become smaller and the spacing among them 
narrower on increasing the annealing time, 
namely the etch pits change into ones 
having a resemblance to pure aluminium 
crystal. 

The etch figures of thin’ boards (1 mm 
in thickness and 10mm in width) bent to 
36.7 mm radius and annealed for 24 hours 
at 620°C are shown in Photo. 4 (a) and (b). 
After electro-polishing and etching, the 
specimens are bent more in order to develop 
the slip bands. (a) is the one of pure alumi- 
nium and (b) is the one of specimen in- 
In the former, the 
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straight boundaries are formed by etch pits 
perpendiculariy to the slip bands and in 
the latter, the sub-boundaries are formed 
but the slio bands are hard to appear. 


$3. Discussions. 


As is decribed above we recognized that 
the sub-boundary structures are considera- 
bly changed by the content of hydrogen. 
Read and Schockley“ proposed that each 


Photo. 3(a) x 128 


Photo. 3(b) x 128 


Cold worked samples showing a tendency 
of sub-boundaries to disintegrate slightly in 
the annealing process for 44 hours at 620°C. 
Photo. 1 (b) >3 (a): Photo. 2 (b) — 3 (b). 


230 


etch pit is originated at the edge-dislocation, 
where the free energy of the stressed ma- 
terial might be somewhat higher than elsew- 
here. The pit then grows to large size so 
that it becomes to’ be observed optically. 
Actually this proposal was confirmed by 
Nye’s paper. (*) 


Photo. 4(a) x 400 


Photo. 4(b) x 400 


The etch figures of thin boards bent to 
36.7 mm radius and annealed for 24 hours at 
620°C. (a) is the one of pure aluminium and 
(b) is the one of specimen including hydrogen 
gas. 


In Read and Schockley’s paper, if cos ¢ 
is equal to 1, namely when the each disloca- 
tion coincides with the direction of X axis, 
the disorientation angle @ 
follows ; 


is given as 


a : 
A= D radian, 


here, a is lattice onstant and D is the spac- 
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ing between dislocations. The second column 
of Table 1 shows the value of # calculated 


Table 1. 


Etch pits of the single crystal prepared from 
the molten metal into which the water vapour 
was blown for 5 seeonds and for 15 seconds. 
_—— 

Specimen blown | Specimen blown 
for 5 seconds for 15 seconds 


Diserienta- ‘ 
tion angle. (#) 2.64x10-5 radian 


1.12 x 10-5 radian 


Spacing of 
etch pits: ed 1.53105" cm 3.65 x 10-3 em 
“Linear size 
of sub- 
boundary 38 4 84 pw 


structure. (L), 


6: ealeulated value. D&L: Observed values. 


from the observed value of D measured 
from photo. 2 (b) and (c) by using above 
formula and by assuming an appropriate 
value of a. The general order of magnitude 
of 8 and D is known to be 10-8 radians or 
less and 3x10-4 cm or less respectively), 
and the values in Table 1 are in a reaso- 
nable agreement with them. 

Here we have to pay attention that the 
values of D and sizes of bounded area 
become larger with increase of the volume 
of included hydrogen gas. Though we are 
generally apt to suppose that the resistance 
of the metal to the mechanical deformation 
becomes to decrease when the sizes of 
bounded area are large and the values of 
disorientation angle are small, the strength 
of crystal including hydrogen gas has a 
large value on the contrary. This fact can 
not be understood without taking account 
of some other factor. So we assume tenta- 
tively that the resistance of the metal to 
the mechanical deformation depends on the 
anchoring force for the edge-dislocation due 
to unsymmetrical distribution of hydrogen 
atmosphere rather than on the linear size 
or the disorientation of macro-mosaic and 
sub-grain, namely we assume that hydrogen 
atoms are drawn towards the dislocations 
as it is said with the ee atoms in 
metals. (6) (7) 

Fig. 1 is the schematic diagram showing 
the relation between potential energy and 
atomic coordinates. Potential barrier for 
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the motion of dislocation may partly be 
higher on account of the effect of included 
hydrogen atom, and the inclination of 
potential barrier may becomes like as shown 
in the diagram, wherein C,, Cz and C; are 
the maximum inclination of shearing stress 


cS 
(0) 
5 Coics=C; 
o €> f.< 8, 
uw 
s 
s 
is 
wo 
pe) 
-o 
jes 
@ . 
i] ‘a z 
= 
Qltomic Coordinate . 
Fig. 1. Relation between Potential Energy 


and Atomic Coordinate 
(1) Specimen Including Hydrogen Atoms. 
(2) Pure Aluminium. 


for the motion of dislocation. Namely, the 
anomalies of local field may be responsible 
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to the difference of the sizes of etch pits for 
the specimen of pure aluminium and-‘that 
including hydrogen gas, as actually observed 
in the above experiment on cold worked 
samples. This proposal is also supported 
by the fact that the single crystal of alumi- 
nium shows the discontinuous jump in the 
creep test only for the sample including 
hydrogen atoms.) 

The writers wish to express their ‘sincere 
thanks to Assis. Prof. Akiya: Ookawa in 
Gakushuin University for his stimulating 
discussion throughout the course of this 
work. 


References. 


(1) P. Lacombe: Report. Conf. Strength. Solid. 
(1948) 91. ; 

(2) H. Iwamura & N. Shiota: J. Appl. Phys. 
Japan. (in Japanese) 18 (1949) 251. 

(3) H.Iwamura&N.Shiota: Japan. Inst. Metals. 
(in Japanese) 14 (1950) 65. 

(4) W.T. Read & W. Schockley : 
78 (1050) 275. 

(5) J.F. Nye: 


Phys. Rev. 


Nature. 161 (1948) 367. 

(6) A.H. Cottrell: R.C.S.S. (1948) 30. 

(7) F.R.N. Nabarro: Ibid. (1948) 38. 

(8) N. Shiota: Japan. Inst. Metals. (in Japa- 
nese) 14 (1950) A. 2. 


JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN Vol. 6 No. 4 JULY—AUG., 1951 


Anomalous Hyperfine Structure in the Spectrum of Al II. 


By Shigeki SUWA. 
Institute of Science and Technology, Komaba-machi, Meguro-ku, Tokyo. 
(Received June 10, 1950) 


Introduction. 
The hyperfine structure (hfs.) of atomic 
spectra is studied usually for the purpose 
of obtaining important informations about 
atomic nuclei (the value of the spin, the 
magnetic moment or the quadrupole mo- 
ment). But problems are still left to be 
investigated from the view point of spectral 
regularity itself. The anomalous hfs. which 
appears when the mutual distances of terms 
involved in the transition are so small that 
they are comparable with or smaller than 


$1. 


the hyperfine splittings due to the nuclear 
spin, is one of the problems belonging to 
this category.“) In order to clarify this 
problem, study of the hfs. of Al II, the 
most typical example, has been undertaken. 

As was stated in a previous paper in 
Japanese), the above mentioned phenomena 
can be classified into two cases: (1) the case 
in which triplet separations are small, the 
singlet-triplet separation being not small, 
and (2) the case in which both separations 
are very small or vanish. The z*D- and 
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nG- series of Al II offer an example of the 
case (1) and (2), respectively. 

In previous papers™:@ the result of ex- 
perimental and theoretical investigation of 
the hfs. of 4°P —4°D was described in detail. 
In the present work the hfs. of 4,P—5*D, 
the next higher member of the 445P—n7'D 
series has been investigated more accurately 
than before, and compared with theory. 
The result, together with that of 45P—4'°D, 
seems to be sufficient to. clarify the problem 
of the case (1). 

The hfs. of the 4'°F—xnG series of Al 
If, which is an example of the case (2), was 
studied and explained qualitatively by 
Paschen) and by Goudsmit and Bacher). 
But the resolving power attained by Paschen 
was not large enough for the details of the 
fine structure to be compared with theory. 


(a) 42-570 


Qu 5 Lum mer Plate 


(Vol. 6, 


In the present work the hfs. of the above 
mentioned lines has been resolved so as to 
make interpretation of the observed struc- 
ture by theory possible. A brief account 
of the result has been given at another 
place.) 


$2. Experimental Arrangement. 


The light source and the spectral ap- 
paratus used were almost the same as 
described previously : namely, the spectrum 
of Ai II was excited in a water-cooled 
aluminium hollow cathode discharge tube 
filled with helium (instead of neon) of a 
few mm Hg pressure. The fine structure 
was examined by the use of a quartz 
Lummer plate (thickness=4.43 mm), a glass 
Lummer plate (thickness=4.67 mm) and a 
Fabry-Pérot etalon with the spacer in the 


mT 
z. 2. 23655 
* 23651 
: A3649 

t =4.4mm 


tat} ea ea ; 
Quartz Lummer Plate t=4.4mim 
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7.6mm FEtalon 
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Fig. 1. 
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Interference patterns of hfs. of Al II. 


a) 


Hfs. of 143655,3651 and 3619. AP 0 
(a)- Experimental Pestle: tae order to 
erse the spectrum a glass prism spec- 
Peraph (dispersion about 8A4/mm in the 
nm oe acs was used so. as to separate 


r sufficiently for examining their hfs. . 
this way preliminary data reported in 
t previous paper@) have been much im- 
p ved. In Fig. 1(a) reproductions of the 
erference patterns of these lines taken 
with a quartz Lummer plate of thickness 
4.43 mm is given. The resuit of measure- 
ment is shown in Fig. 2. 43649 has now 
been found to consist of three components. 
The existence of the most refrangible com- 
ponent at +0.189 cm"! of 43655 has been 
confirmed and the component at —0.098 cm*! 
has also been resolved. 


‘ 


A3651 (452, - 5D) 
$200 TO et a 
v= ‘ cm! ‘ 

A3649(43-5°D) | 


iy -=308, HO. 


cnr} 


Fig. 2. Observed hfs. of 43P—5'D: 


(b) Comparison with theory. Though 


the result of the theoretical calculation for : 
nw°D following the method 


the hfs. of 4°P— 
of Giittinger and Pauli) was reported pre- 
viously in detail, the essential points wiil 
be described here once more. 
The hfs. of the final levels 4°P is known 
by the work of Heyden and Ritschl™. Tak- 
ing into account that the triplet separations 
of *D are small'and at most comparable 
with the splitting due to the nuclear spin, 
the hyperfine energy levels of m*D are ob- 
tained by diagonalization of the matrix of 
the total Hamiltonian 
H = H,/J) + a(I-s), (1) 


where H,(J) is the energy of the atomic 
system when the effect of the nuclear spin 
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-performed by calculating the matrix H in ‘ 


B, using the transformation matrix which 


Ko The, calculated structure for the two- cases, 


- components that lie mutually closer th 


is neglected. 7 ane s are “the spin aperninee eee 


jof the nucleus and of the s-electron, Te a 
spectively, and a is the coupling constant — 
between J and s. This diagonalization was _ 


the (L—S) coupling scheme, in which J? 
(and also A)(J)) and s®? are diagonal (Ss 
denotes the total electronic spin) and by _ 
solving the secular equations thus obtained — 
for each possible value of F, the hyperfine 
quantum number. These secular equations . 
involve three parameters a= H)(°D:)-H) . 

D1), 8 = A).?@D2)—H,(?D;) and a. a and Boe qi 
are the differences of the diagonal elements: 
of H(J) and represent the magnitude-of 


the triplet separations of z*D. Assuming 


that @ = 0,172 cm~1 , the secular equations 
were solved numerically for various values 
of aand 8. Thus the energy levels of n*D 
were graphically represented by these solu- 
tions as functions of @ and f#. Then, the 
relative intensities of all the hfs. compo- 


nents of 4°P—n°D were also calculated 


numerically for each set of values of a and 


makes the matrix H diagonal. As in the 


case of 4*P—45D, best fit for a and 8 was AN 
_ sought in order to get agreement between 


the observed and the calculated structure 
of 4°P—5'*D, finding that |a| and |B|. are Nai, 
very: small, namely 02a,82-— —0.1 em. , 


a= f= 0 and a8 = — Oh cm-!, is given 
in Fig. 3. Taking into account that the 


om 


about 0.08 cm~! are not expected to be a et 
solved due to the Doppler broadening, one ate 
sees that the caiculated structure — agrees 7 
with the observed one. a far we have a ; 


“sumed that! a = 0,172cm:! which was given 
by Heyden and Ritschl, 


but as will be 
described later, a more accurate value can: 4! 
be obtained, namely. a = 0.166 cm~!. After 
recalculating with the value of a= 0,166 (Sates 

it was found that this 3.5% correction of — 
the value of a has little or no effect within — 
the accuracy of the order of 0.01 cm~! upon 
the result, though it appeared that for 4°P—- 
5°>D the numerical values were slightly 
improved. Owing to the fact that for any 
set of values of @ and § falling in the 
region 0 >a@,8=—0.1¢em-', the calculated 


values agree well with the observed ones 


i 


_ independent of x. 


to result. The hfs. of 
- nG series is eeu: to sna 


et structure. By. using pions 
ers of various order distance, it has ‘been — 
net with success to observe more detailed 
‘structure of these lines than ever reported. - 
The interference ‘patterns of these lines 
taken with a Fabry-Pérot etalon are PEDEDR 
duced in Fig. 1 (b). 

- 4F.—-nG: The fine structure was 
neasured for three members of the series, 
namely the lines 426201, 5158 and 4650 cor- 
pending to n=6,)7 and 8, respectively. 


‘aeneral eo ie and that it represents 
ical example of the above-mentioned 

ne - I. It can be seen thee the , doub 
nd f, a phenomenon analogous to 
aschen-Back effect occurs and 5°D peeeementaly error. As ea 


a es into three levels due to the 


; vanish entirely. 
wey Table I. Doublet separation of 4'F,-nG. 


Gy Ae aMe 0.500+-0.001 
| ox ee ah 5158 | - 0.4974-0.002 
als CG a es 4650 0.498-+.0.005 


f pix :F— nG: , "Measurements were made for 
n= 6 and 7, the result being given in Fig. 
_. 4, It was found that the structure is peated 
for = 6 and 7 within experimental error. 
, “SF .—nG, ‘which was observed by Paschedd 


rey 
+7% 


2 


tion is the same. for n= 


no Seicles term bas! hfs. . 1 
can assume the 4\F; term to have no 
even if it is perturbed by other terms (wh 
will be also singlets), and so obtain the in- 
formation about the structure of 2G directly 
from tKe structure of 4,F;—nG. Thus the 
nG term consists of only two levels, say. 
nG* and nG- (the higher one being denot 
the mutual distance of which is 
‘We may therefore as- 
sume that the multiplet separations of nG 


St 


4vem-) 


to consist of two components or only one, 
broad component, was newly found to have > 
Wat patterns on both sides of the central 


tee components, the mutual distance: Beta 
slightly smaller than that of 4'F;—nG.. The’ 
distance could not be measured so accurately 
as in the case of 4'F;—nG, owing to ex- 
perimental difficulties. 4°F,—nG, was re- 


‘ported by Paschen to consist of only two | 


components. Each of them. has now been 
found to havea further broadened structure, 
though not so well resolved. In Fig. 4 and | 

5, only the breadth of the component of 
short wave length side is shown. Since the } 
breadth could not be measured accurately, 


ara 


i ae : wa * iH Tee iD 
2 ( pancy between z= ¢ 6 and vfs may 
e Sey to lie within experimental er- 


LA oer 


ty 


~nG. 


26183~A6181 


~ 4F-6G 455 -6G 


37270 3 ope 26 Ob Owe 7 he 
nor et ae 


A S1G5~A51 dale 


45-76 4¥,- 1G 4¥;-76 


37-22 0 1, . +46 roi “fa «30 9 
mawapent brasronr a omy 


Fig. 4. Observed hfs. 4F nG. 


case of n*D. The matrix elements of H 
were evaluated in the (J-J). coupling scheme 
in which Jj? and j,7 are diagonal. Here j, 
denotes the angular momentum of the my- 
electron. As stated above, all the separa- 
tions of the gross structure, namely the dif- 
i ferences of the diagonal elements of (J) 


are assumed to vanish. .Then the matrix 


‘of H was diagonalized ‘by the transforma- 


tion to the scheme in which K? and j,° are ,and 7/2 of jo. 


diagonal, where K is defined by 


K=I+s. A {B) 


(This scheme will be hereafter called the 
(K-j,) scheme ‘ for brevity.) 
of H are given by (5/4)a and —(7/4)a for all 
values of F according as K=3 and 2 


(namely 7 and s are parallel and antiparal- — 


lel), respectively. The levels having these 
two energy values’ can be regarded as the 
above-mentioned Gt and uG~, the mutual 
distance being given by 3a. Then the 
numerical value of a, the coupling constant 
between I and s, was obtained from the 
observed doublet separation of 4'\F;—nG. 
Taking the mean of the values given in 
pobis: I, for  =6, 7 and 8, we obtain 


Ba = (0.499 + 0. 001) em-! 
_@ = (0.1663 + 0.0003) em-?. 


(ii) Structure of 4F. The hfs. of 4°F 


ong a pie ios! Al IL. 


) LER. of ds structure of 


ey. Structure of the nG gr The total. 


the triplet separations of 4°F are not very — 


Eigen values 


RODD a a 


can be expressed approximately by the ‘gt fi 
following splitting constants : ise 


(a 

since the hfs. splitting will be only due tones 

the 3s-electron. But in view of the circum- — 
stance that the 3s4f°F is perturbed by other 5 
electron configurations (mainly by the 3p3d- a 
configuration) ©), the values given in (3) 
should be used only for the purpose of 
estimation and so the constants A(4*F) were — 
empirically determined as described in the. 
following discussion. (see (iv)). Further, 
the deviation from Landé’s interval rule, 
which is caused by the repulsive perturba- 
tion between ‘the levels of the same hfs. 
quantum number F arising from each Gf xh 
4°F, must be taken into consideration, since — 


A(4°F,)=a/8, A(4°F,)=a/24, A(4F,)=—al6, 


large. The magnitude of this deviation, dy, a 
was calculated for all pairs of levels, bein 
found to be of the order of 0.01 cm-!. 

(iii) Intensity, In order to explain the 
observed structure theoretically, the intensi- 
ties of the fine structure components must 
be calculated. The method of the calcula- 
tion was similar to that adopted in the case — 
of 47P—n*D. Each of the two levels 2Gt 
and uG-, described in (i) is two-fold dege- 
nerate and\can be characterized for example 
by the two possible quantum | number 9 
Thus the hyperfine energy 
States of nG can be represented by PF K,7. 
nae 3 or 2; jo = 9/2 or 7/2; F=K+Jo, K 
Jody seis feetiol) simp the dA 75) scheme. 
ee wave function Y"(K,jo) is giver by 
linear ‘combination ‘of the wave spas ¥ j 
of the (L-S) coupling scheme, ¥*( (JS) b 


PPK, jo) : = >.s M*(K, jg; JS) WF (5,8) S spe 


The transformation matrix M"=((M*¥ (Kj ; 
J,S))) was obtained as follows. First the — 
matrix S,” which represents the transforma-_ 
tion from the (K-j,) scheme to the (J-J) — 
scheme was calculated by diagonalizing H 
which was described in (i). . Then, since the % . 
matrix S:” representing the transformation __ 
from the (j-J). to the (Z-S) scheme Bie 

known by the general formulae), M” was 
easily obtained by the matrix product Sx 
S,”.’ Transition probability from the upper 
state ¥"(K,j.) to the final state of 4)°F 
characterized by the quantum numbers J’, 


ept a ‘constant factor): 


ae F;J',S!,F!) = (2F +1) e(F F’) 
x |B sM Kj} ALS FILE 


e PF +1)=(F +) 2F+ 3), sF.F)=F 

) and ¢(F,F—1)=F(2F-1). The ma- 
ment'A(J,S,F 3; J’,SF”), which cor- 
ds to the transition (J,S,F)>(J’,S’,F’), 

bh in the case of 4°P—n'D, obtained nag 


ne me nG* or ae: to the hyperfine level 
FER i ANF is given by the sum of 
ads J FS BY over | all the possible 
S of Jo and its 


s aah 


1G is indepen of es “The mean 1 of ‘the 


; Fig. 5. Observed hfs. of 4°F—nG of Al IT: 


_ 4F,-nG: Inthe calculation of the fine 
structure of this line, the value of A(4°F,) 
as determined so as to get best agreement 
tween theory and experiment, and it was 
found that A(4* Fas 0.021 cm-!. The struc- 


ture calculated using this value of : A(4°F;) 
and applying the correction 1 that was 


mentioned in (ii) is shown in Fig. 6. The value’ 


y= 0029 em-!, 
- culated for this’ value is given. The val 


calculation, 9F,—-nG iid 
imately a doublet, the separ: 
smaller than that of ING mG. 


2A(4F;). If the observed data only - ‘ 
considered, it seems that A(4 Do 3) =0.02 cm~!.> 
But it must be borne in mind that the error 
involved in measuring the doublet separa- 
tion of 45F.—nG has a large influence upon 
the value of A(4°F;) determined in a purely : 
empirical sae In. fact, when A(4’*Fs) = 7 
0.02 cm-', the total separation of 4°F, be- 
comes 0.35 cm-!, which does not coincide 
with the observed line breadth. Therefore, 


taking into account that both A(4°F,) and 


A(4*F2) determined experimentally agree 


“ with the values given by (3) or with ‘those 
corrected by the consideration of the pertur- 


‘bation of the 3p3d- configuration, we prefer- 
red the value AGF:) = (a/24) x (35/36) = 


0.0067 cm-'. In Fig. 6. is given the structure | 
; calculated for this 2 a of A(4F;).. 


In this 
case the distance between the centres of 
gravity: of. the group 4s Fi—n Gt and 45F;— 


_ nG ‘becomes 0.486 cm*', which is” ‘slightly 


larger than the observed value. Thus, 
though A(4°F;) could not be debited 
accurately, the observed structure has b on 
at least qualitatively explained. sak ek 

? 4°F.—nG: As in the case of Ale 

the value. of A(4°F2) was. found ste, a 
In Fig. 6 the structure. cal 


—0.029 cm-! of Ala ‘F.) agrees with | 
given by (3), namely —a/6= Balt 027" 


within experimental error. 


§ 5. Conclusion. 


As a concluding zehnarks. one ones ; 
that the problem ‘proposed in the introdt 
tion has been ae Sere by our investi 


a Catcu lated 


ery Oy eres Ge a AS ee. | mealies oe 


1 


“It nian also be remarked that from 
fhe: value of a obtained in '§ 4(i) the magnetic 
‘moment of AlJ2? could be calculated by the 
formula which is due to Goudsmit(™ and 
to Fermi-Segré“), and obtained # = (3.62+ 


0.01) nm. This value agrees well with the 


value 3.6408+0.0004 n.m. which was deter- 
mined by the magnetic resonance method (2). 
, In conclusion the writer wishes to ex- 
press his, sincere thanks to Professor K. 
Murakawa for his cordial and. continued , 
guidance throughout this work. Thanks 
are also’ due to Professor M. Kiuchi who 
took deep interest in this work. 


Structyre f4F=nG 


Fig. ‘s Calculated hfs. of 44.°\F—nG of Al II. 
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paren the early te gid that tea * 


Bropcracnally to hae ba it then after 


: thé ‘final see of the reaction, follow- 
‘ound also that the reaction rate of the — 
ge varied proportionally to the square 


; of 17 to 20Keal/mol: 
“ee ee and S. Kotani® found: that 


‘gi tion r 
ad reacted amount, () 


Ni 


WF ‘Experimental Methods. 


ean 


: pie 's methods of. constant flow and 


greaseless Bib henol S;, Ss; and S, were 
“open for over-all evacuation, then the re- ' 


ntil pressure reached 3x 10-6 mmHg. 


2 . A barium diac was mounted on the 
oy] 


‘Fig. 1. Apparatus. Gi is the getieeoils ay 
S,, S, and s, greaseless stopcocks, AE ‘the * 
eapillary tube, C, ce flowmeter haf Fu 
the Pirani gauge. ai 


was barium berylliate el with » zircon: 
powder. By heating the getter barium met 


was deposited on the wall of the bulb. 


_ For the case of the constant flow meth ; 
‘Si ant S; were closed and S; opened. Potas: q 
sium permanganate was served for thes sour rce_ 
of oxygen gas, When S; is opened, the g 


flows into the reaction . chamber through 2 


liquid oxygen trap ond through a capillary 


tube C, to maintain the flow constan 


A capillary tube Cz, which is 0.6mm 


radius and 65mm in length, serves fo 


flow-meter which consists of two. tung: 
wires as two arms of the bridge of a 
gauge. The pressure ediftersnce ted 


eed is > given as followse 


A a 74.64 x 10" aie , 


its length i in cm. wed p is pressure difference 
in penn. 

- Constant Usine method! is realized by 
Biosing Ss at, certain pressure. On this case 


‘using a galvanometer of 10-% amp. 
volume e closed ap S; is 135 CC. | 


ne 


me “Results obtained. 


a) ‘The cathy stage of the reaction. 

~ When the gas flows constantly in the 
Reaction chamber after the deposition of 
barium by getter flashing, © pressure is 
‘maintained constantly during certain time, 
and then it begins to rise steeply. Fig. 2 
‘shows this popayicey of reaction at —75°C 


for Sample 2. 


According to Ota, we separate the early 


stage from the final one at the point where 
the pressure begins to rise steeply. 
early stage, velocities of gas- -flow q have 
Sesebeiem pressures Denied , thus the reac- 
tion velocities s are equal to q. 

; Equilibrium pressures vary with flowing 
‘speed as shown in Fig. 3. and almost pro- 
portionally as shown in Fig. 4, plas we 
have the relation Sade 


ae * 5 10 15 20°25 30 s 
| “Time in min. 


ae 2. Reaction at —75° We O-A for 
_ eonstant flow, A-B and C- for constant. 
_ volume method. 


8 of Barium Film with oxygen. 
. ‘ aaa A esi f p 


where r is the radius of the capillary tube, 


pressure. is measured by a Pirani gauge P; 
The 


Tn the. 


“dependent on temperatures of the wall. © 


af. 


20, 


Gi 


Pie | 
Ol oO 


1 2.3. 4,/56'°7 8 9, 
Time in min. 

Fig. 3. Curve p is the equilibrium, pressures 

and Curve q is the flowing speeds. 


10, 


DIV 


(0 02040608 10 uA 
Velocity of tlow, 
; Fig. 4. Flowing speed ataus s 


. equilibrium pressure in the early. 
ri of ghile reaction. 


per sq.cm. per sec. on Col. 9. 
Yacted quantities Q during the cou Be. 
shown on Col. 4 are mainly dependent | on 
‘pressure at getter flashing and somewhat 


Dividing Q by the geometrical area of 
barium film and by 5.38x10-! mol whichis 
the value per sq.cm. for the (100) net plane 
of barium oxide crystal; the apparent 
numbers of atomic layers of BaO crystal 
are obtained as shown on Col. 5. 
Equilibrium pressures were almost con- — 
stant when the getter bulb was cooled from | 
170° to —183°C. Therefore, the activation — 
energy of the specific rates is almost null. 
It is plausible that chemical adsorption is 
.the rate determining stage in the early stage, 
because the smallest number of layers 


vat 
flashing 


Pressure 


mmHg. 


Qin mol. 
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of layers | 


speed 
mol, 


10-1 


. sec, em? 


‘Tempera Flowing 
ture at. 
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Equilibrium 
pressure 


_mmig. 


et Specific 
rate of 
reaction 
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Fig. 5. ‘The reaction velocty : a 


2.2% 10-4 


1.7 10-5 
2.6x 10-5 
_5.1x10-* 


1 
- Pressure i in 


1x10-* | ‘ 


4.9 


1.1x10-° 1 


Ly 


mmHg. 


_ versus pressure for Sample 4a 


(1) —33°C 
(4) 91°C,’ 
Ne 41. ae 


(2) 22°C 
e Wf Re (om 


oO 2290. > 


- (8) 58°C, 


6) 57° C. ahi 


ity 


pen Se aie ia kod china iis be 
( nly in By small time aber eae ‘ 


MERE SN FT 
~ eit fa 10 r 
| “Fig. 6. - Velocity. versus 
Ur at 10" Pesca 


Action of the Pane rate that 
elas sp je ws oy 
SaRT dt ~ P- 


‘ti 


pak 


ya 


DP: ), 6), (7) and (8), 
aE for (3), (5) and ‘e bie es (4). .Fig. PA 
ows velocity vs.1/T plot at the pressure 
“>mmHg. Three curves correspond to: 
y ~29, 34 and 54~60 atomic layers ty a 


e E; = 4.6 Kg-cal | for Sample 4, 


= 8.0 Ke-cal for Sample 6, 


EF, = 23Kg-eal for Sample 4, 


=~ 82 Kg-cal for Sample 6, 
and Ci > C;. 
; Reaction velocities below —50°C have 


energy of about 300 to 1800 cals. 


$4.. Relations between reacted amount and 
reaction rate. 

‘Plotting the velocity versus the apparent 
‘number of the atomic layers of the oxide at 
0 and 6x 10- ‘mmHg, we obtained the 

curves in Fig. 7 and thus the ene 
pewetion hold that 

ee ap mes 

GH dt: 


where m is 1.07 for 10-3? mmHg and 1.3 for 
~6x10-?mmHg. This is the reaction at 


75°C, but at higher temperature, 170°C, 


velocities vary’ inversely proportionally to 
“X41 , Raa? : : { 


~CC-MMH, SEC: CMe 


ON 
Oh 


Velocity: : 


ee Layers 

CoOG 
Fig. 7. Reaetion velocity. versus 
number of atomic layers. 


Reactions of Barium Film with oxygen. I. 


generally very small value of activation 


_ peroxide, decomposition pressure of BaO.,. 
mmHg at room temperature and has acti- 


ence of BaO and BaO:, but we may conclude 


responding to the decomposition pressure. 


$6. Critical pressure. 


= 


2a) 


CC-MMH, /SECCM2 
= 
O 
Oo 
@ 
> : 
ec C 
O < 
; oO 
9S ; 
@® : 
10° IO’ MMH, 
Pressure. ae 


cape 
ah 


Fig. 8.: Velocity versus pressure 
plot for Sample 6. Reacted amounts 
increase. from C to G. 


85. ‘Tioes the peroxide BaO, coexist with 2, 


In order to verify the coexistence of 


which produced by heating the oxide at 
1lmmHg of oxygen, was measured. The 
decomposition pressure is about 5x 10-5 


vation energy of 18 Kg-cal. In the measured 
range of pressure and temperature, there-. 
fore, there exists the possibility of coexist- 


that the peroxide, even if it coexists with, | a 
contributes scarcely for the reaction process, _ 

because no anomaly of the reaction velocity — 
happens in passing over the pressure cor- 


es 


' Curves in Fig. 8 show vdp/adt vs. p plots Za nf 
for Sample 6, where the reacted amounts _ 
increase from C to G. The curves have _ 


kinks where velocities decrease rapidly. 


Pressures at the kinks are critical pressures _ 4 
where the diffusion of gas molecules into — 


~the oxide becomes very slow and reaction 


system reaches nearly equilibrium ‘state. — 
Critical. pressures, therefore, increase 
with total reacted amount and decrease with 


small activation energy, we may | 


that the diffusion | ‘of adsorbed molec 


4: through grain boundaries of the oxid 


di 

oe ae order of unity. If molecules are 

isorbed on the lattice points on the surface 
’ the ‘metal, according to the following 


Ss ‘that 0: 20, on the surface in an 


re symmetry Atiabee: Noa 


igs 2, ¢+=1 and.T> 290° K in é 


(7) 


ie calculated valent is. -10~100 “these: 


than the observed one. This may 


lue to somewhat rotational freedom. ata = 
activated state and partly the effect of — 
For the large con-_ 


f cial roughness. — 
1 of volume resulted by oxidation, 


oe may proceed upto few ae 


ih w th Sarg as Eq. (2). It seems that this 


es) 


on consists of. mixture of two processes, 


> of which the adsorption is the rate : 


as the activation energy of 0. 3 to 1.8 Ke. cal 
elow about —50°C and that of 4.6 to 8.0 
S- aot above —30°C 


phase. 


the rate determining stage. Thus the diffu 
velosity s is given by ss equations 


f i uy yeah: dp if 


$= Dm (5 “3 “aRT dt’ 


_ where D,, is the diffusion coefiicient ot su 


migration, n the concentration of ads 
molecules. The. distribution of concentr 


point O and that between the BAS) an 


tee is at. as ; 


a 
oM Distribution of n 
a in \ the oxide Residue y 


ips ach ee ae ae ae | 
*=— “art at ~? 5%), 0) . 


where nx is the eae 2 n on the gas 


face. nx is nearly i in equilibrium t 
Then, if the molecules 


surface smeeaen it follows that 


oi ‘eftewt eniclicht fins to send Eq. 
3 have ines 8 the s same from ; as Qqs. 


rates iniiude pa thitial coridi 
curves Cj and ae which are 


ie 


alte \ AE, Soe 


ained ie ero. upto Toren pressures. 
The distributions of x in the oxide on both 
cases are shown in Fig. 9, where Curve 1 
5, corresponds to the former and Curve 2 to 
the latter. Hence it can be concluded by 
comparing those gradients at X that the 


rate of the latter is greater than the former. - 


To avoid these . complexity and ambiguity, 
one. must take the method of constant 
pressure, one ‘of which will be reported in 
the next paper. 
~(C) At higher temperatures, the rate varied 
“with. p+ as the second term in Eq. (4) and 
had the large activation energy of 23~32 
y Kg- cal. It is plausible that the rate deter- 


mining stage of this reaction is the diffusion. 
of excess oxygen atoms through the barium — 


_ oxide, because it occurs at higher tempera- 


tures and has sensitive dependence on the. 


thickness. of the oxide and its rate varies 
_ with the square root of pressure. 


A en molecule. reacts 0 the sur- — 
a ea ea 2 ay “The theory of rate \processes ”” (ans 349, , 378 


pe of the oxide and makes two lattice ee 


defects of metal ions as follows 


Oz +2 [Ba] defect ++ 2 [B,0] . 


From the mass action law it follows that t 


where mx is the concentration of the defects 


on the gas interface. Then similarly to 
Eq. (9 ) ie rate is given by the equation thas ‘ 


8), IP Lp, Pt 


Ne 0D Oc 
8 aR? dt Ba 


%)_° O 


where D, is the diffusion edetibient of oe 
defects and c, z are reduced units similar 
to those in ae (9). Hy 
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. § 1: Introduction. 


“Many attempts have been made to solve . 


the mechanism of ‘surface tension. The 
*quasi- lattice model is: available for liquid 
at the temperatures not far- from melting 
point. With this model Harashima‘” ob- 
‘tained good results for the surface energies 
of several liquids. He calculated also the 
surface tensions on the assumption that the 
free yolume and the frequency of oscillation 


of surface molecule were different from. 


those of inner molecule. The radial. distri- 
pane: Pumarion 5 is more frequently used, 


liquid need not be near melting poi 


“wood™. 


Beeause it is obtained eitperimentaliy by 
X-ray scattering and the temperature 


Among many theories the most reliable an 
powerful is perhaps the one due to Kirk. 
Though the numerical calculation 
was made only for the liquid argon when 
the physical transition zone shrank to mathe- 
matical surface, his formulae for surface vs 
tension are sufficiently general and adequate __ 
for the calculation when the distribution of _ 
molecules in the surface layer differs from 

that in bulk. Following his theory the writer 


‘aoa to be x-y plane, z re being 
endicular to this directed from a@ to #. 


= ve < 0), Pas? = 


D prone Ry). With, the. 


cial densities, ps?(z)= p™(z) — pd, as 


x 0m, Re) — pax, the» $2 MOMeNtS Ai Mma eee the 
taking the boundary plane between ase 


x 


ate ws pa 0e| Ra) —1)¥+1 


4-1) tee 


Ry dh 


av (ot ZA tr Oh pe Sug oF aha 


Es = 5 Verena, 


where V(Rjz) is the potential ‘patweee twa - 


molecules. fe “ 
iongak suppose that the Higuid iat 


> § 
tribution function g?(Rra) in ee zone 
different from 92° and the tee’ of mole- 


are written by 


pC(2) = 0, g@Xz, Ris) = 0 ES Ose 
SBec el = pth) 10d eee 
= Pa), = at dali Ce 24). + RM 


, 


ing ‘that the anaaity: Bi) is negligible: Fe: 
From equation (4), the moments are now 


written as follows : : 


re 
j 4 


tee 
aa COP) eas 


“Gta Ay Ma! 


red Pate — 040g" Ris 


ee a. 


Kay tel ens y ioe oe ay ty seen ; : } Bia Bees A 
; oat _ se fe ming (yn a G42) #00 tog (Ri) one vans 


Cheig)ttget 


y= = (= —1)v+1 Pa 


he Sehanin gs {eo O(Rig)— pat? *ga(Ras)}- 


yr 


pa!) (on By —nrgceRig 


me » that o is constant throughout the surface zone, and put p= ype x. 


ion P} into (2) ‘and (3) now yields 


8 


—zit2ef" RVigAR—ZO+9, ‘Rvigins tel? een B, | 
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. ay 
ed MST eee ty 
ty ua 
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| 1 rs. 
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2n Ayo 


H, == 1 he: -1 LVinta Pind } 
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ate = lad 11 Vien ‘adn, 


@ = | fam) 


as 


‘ liquids of argon type, the asymmetric distribution. of surface molecules in the directio 


~ in equilibrium, the nearest neighbours of a surface molecule may be found on the aver 


B<etul oie when the first peak is a main part. These Parameters are coterie 
- to fit the distribution trom oleae and the es A 
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“$3. ishactions used -for enleulation: 


+ Bisenstein and Gingrich determined the radial disty tution for liquid argon by their, 
_ precise experiment. Kirkwood“ obtained theoretically the distribution function which was 
in good agreement with the experimental data. But in the calculation of. surfaces tension i 
“he used the approximate function, ~ Beanery ie 


\ 


a(R) = (ai!Ry exp Ranjan —(am/RY],  (0<R<a) 
Ager fonts eatin i aye (ai < RB). 

: : 
i ao 


ooo 


. ei 4 ‘ p. =2 pg ORT aa get a ba By ’ i 4E, = pi wee 


- where p is the pressure BEE 4E, is the molar energy of vaporization. With. a supp 
BecueaLy. par eee fe the function, eee 


ee g\R) = b(a;/R)* exp [aml as)’ — (ml RY Is Ok Suh 
Sat =1.. y 5 Or< - 4 
\ i 
“may be more eouvenients though this is discontinuous at R = a, he b+-1. 
_ Athough the consideration for the orientation of molecule i: is unnecessary for molecu: We 


_ perpendicular to the boundary. layer need be considered. Of course the molecules ar 
“not in static equilibrium in any way. When the gaseous and liquid phases, however, a ar 


‘on an ellipsoid -of revolution compressed in z direction. An asymmetric distributio 


yi eee eD: ie . el ; 7 


/ ene 
(Ru) = = - b(a/ Vane ee were ayy exp [(@n/as)’—(Ginal ¥ 019" + Yas! ot tear ao")'], (OS Ry Sa) i: 
a 4 ef yi UW < Rig ? 
will be sed: for the transition layer, where o isa small correction parameter not exceeding i 
a few percent, When the potential function is given by sie # i 


(Ru) = PIR! —QIR ee : (12) 


| a) 


Pend the fee farniaviod of garcables? Lie = ©, yi2 = y, (- . O)Z\9 = 2, Ryo? ='R?—2o02, is made 


4, the eae © and (7) woe be reduced to the following form, where o- and ¢-correction 


erga heat ot : 
Tp 8 aN, ao hs d 4a) i >. ag 


ee Rip +49) pie he mgd] 
Pa Maree ee PC Wane veene ee 
+76), Busp+oaatR + 5 i # RX8p+24'9d 

~ FEC) oy ane 
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J) Kas ee 


1 lua re p in nthe deat) She state ey idea not ‘Seem Ren RLS in ia 
xperimental value. In the. computation to follow » the potential 

pe cxperiinental values P = 16. 3x10- 8 Q’= 1.07x 10-” are used, which’ 

Cc ae and others®, and it is found that the distribution function 


F. Piast ast 
: 3 ‘\ t f 
aii yi: ry Sta (iy 


ak ay = 5.02 A, ence #=5,t=12,b= 0.9, ? 
id i 0 the results 1 more esatisfactory. Des and By are presented int Table 1 vith th 


_ experiment 


ea eal. by Kirkwood 


Padial distribution Paccne (10) © 
corresponding to the choice of parame- 
Fs ters above ‘mentioned has its first peak » 

at R,, = 3. 81A, and the‘ first coordina- — 
tion number, when integrated tok = 
- 4.50, is 9.8, both in good agreement with 
i ‘ag experimental values. 


r, 5 | Results and acyeeihe, 


Calculations of (3), (14), E516); 
an these values of parameters lead to 
pithe: results: - | Sage 


Bekins ol a eet be 
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"a eae 70a qa) 
y a ioe is nt ; y me oy EF 
eh ue mossy 
) For ¢ 25.0.4, . 

het > ? i r 
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20g Se ; 


asa = 216 10-"2-40(5.3 <10- Pat teas x 10-12) 
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different o and , when feta | 04.A, are pre- 
_ sented in Table II, e«® being estimated as 
2. 13x 10" cm-* * from Eisenstein’ cS Apres is 


Table FLW iF 


3 FS on Es sey 
i . “experiment ig a 11.9 Hoke: 
Bret | soi) a 00s |) 2) |. 340 te 
~eal.| ¢=0.01, = 0.02 POLO AN nade 
ss “| @=0, e=0 alps ai 08 


f } 
4 


| 0.02 and T,9,6, B= 35.9 for ¢ = 0.01, « Cyl) 
0.08. \ x 


For re values of .¢ ey absolute ae of 
_ coefficient of ain’ tt and that of «© in Es 
| increase, in which case the results are less 
adequate. ae 
When the potential function (12a) is used 
instead: of (12), the suitable choice of para- 
, meters: in (10) leads to satisfactory values 
4 of. D:, Dy, B;, Bx, differing only a few 
» percent from those presented in the last row 
in Table Te, Eh, calculation. of ry and E* 


pis, 'y , : 3 | 
vi Me ‘ 
ie { i 
" poe 
7 ‘ ‘ 5 “ ‘ 
‘ 


——5 = 1.15 x 10-? +o(— 38.3% 10- 12) 4 e(—0.21 x 10-12) 


ho ‘= 2.16 10- 4 a(8.A2 «10- #2) +-¢(6.85 x 10-") 


a, = 1,15 x10- ee 68 x 10-!)-+e(—6.6 x 10- 13 


i, The calculated values of. Yr and Ey for.’ 


- cules for some solids. 


, -valt bt d (3~4A) agrees with 
Bie 14) 166, We t6ictor yo dor ee te Caines pe 


Fig. 1. Radial distribution fanetione 04 
liquid argon at 90°K. Curve A from Eisenstein © 
-and Gingrich, curve B used by Kirwood for 
approx. cal., curve C used in this paper. 


f ‘ Se 
sath’ these functions was not carried out f 


in the surface zone than in the fluid in ‘bull ; 
it is justifiable that e is negative, i.e. p- 
but the absolute value of ¢ isnot sure. Jw 
-has suggested ‘that the intermolecular. 
-tancé of surface molecules should be abo A 
one percent larger than that of inner ‘mole- or. 
At any rate the as- 
- sumption that «= —0.01~—0.03 is_ ‘not’ s 
unreasonable. The supposition that liq 
have distinct surface zones is not novel, al 


results of some writers®. Jura™ conclu 
from the calculation of surface energy | 
liquid argon and mercury that the surface 
zone should be about four molecule thick 
for the liquid, the intermolecular force. 
which was van der Waals type. In his case 
the distribution of molecules in surface zone i 
was supposed to be the same as. that. o: * 
molecules in bulk, and it is expectéd t a , 
‘thickness may be more or less changed when 
the different distribution is used. There is | 
no sufficient reason why the distribution in 
surface zone must be asymmetric as men-. 


ell Bai the experimental ba seems to’ 
Le the potential 


pport the. assumption. 


in it may be mentioned that the 
ition with another functions seems to 
similar results, 


It is desired to research for other 


ef which the. 


1 ic value may be different to some (8) Raman and Ramdas: 


"Japan, 22 
(2) BGs Kirwood eae F. 3 
~ Phys., 17 (1949) 338. : 
(3) A. Hisenstein gnd_ N. E. Gingrieh ~ Phy 
; Rev., 62 (1942) 261. ee 
(4) J.G.Kirwood: J. Chem. Phys., 10 (1942) 394. : 
(5) cdeG! Kirkwood : Ji Chem. Ebysd 17 (. 9 
988. : 
(6) J. O. Hirschfelder, R. B. Bird. and E. 
Spotz: J. Chem. Phys., 16 (1948) 968. 
(7) a. Jura: ‘ala jenys: and hes Cheats 
(1948) 40. 
Phil. Mag. 
+220: 
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, and also is desired to compare the — 


al potential of surface molecule ‘with | 


inner one as they are expected to 
in an n equilibrium state. 
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about the depth of the abi zone of ee ) 
we think they are not applicable. for our cas 


as he mainly treated the orientation ee * 
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Ny 1 
" an ak 


e previous paper’ we have proposed - 


parce for the solution of differen- a 


Roti stradaibid fluid. 


ae = ude-+ody, 
dy = —ovdx+-pudy. f 


In” this ‘paper _ 
discuss it minutely and show special _ 


. fi 
ft 


oo 


Rite ‘eine FiANy Sal i 
MEY Le ty rhage om aps Rage 4 


where q= ee Viet + e and ta tan 6 : 


* 
Wiher 


re get following equations : 


of first equation of (6) will be’ satisfied 
_ automatically and the second may be trans-. 
_ formed as follows : a 


4 “ROR (oF? 17. + do : 
aut ae ~ (5wa0) 5 (14d) ne. (9) 
“For adiabatic rahe we have 
" Ne at j i rata 
2 oe {ote -y}" “i coy 


4 where T is. Hie rata of specific heats, and » 


-M the Mach number of uniform flow at in-_ 


ce 


finite distance, and the density and velocity 
pt infinite. distance are,. for convenience, 

taken to be. unity. "Hence the right side 
x member ee (9) may. be expressed ae.) 


ay 


Be ere cis ‘the sound velocity and is expres 


d sed as. s follows : 
ae a 
am 


ae Critical condition. * : ; 


we pon). “G3 


From (2) we reac on a stream | line 


ea, aN const., 


eee de Bete: dys ag, 


* bees we on that the stream line has a 
cusp at the point. where do changes its sign 
or velocity a SAVEL aCe: But such a 


bac and ies 


Lye eres: 
Oe p 0g’ | é 
9600 900 gi (2 ; | gue 
Ogee agog Tag i 
These equations can be transformed as 
; al ERO ot ) 
) a OO. CBIR" r 
a6 00 ag Ob kn BGs (2 : ie a 
Ow ad 60w 2? dw aan 
PE ee = (Ean (7) 
"Consequently if we put ie 
Sia eer) aa See 


-or a cusp occurs on.a stream fins! 


aout diverges Gale ina supersonic regi 


How never. occurs in reality baci we can 4 
not neglect viscosity and heat ‘conduction — 
near this point. It is, therefore, a criterion _ 
of existence of potential flow that dd does 
not’ vanish along any stream line. So the 


on 


aa 


holds along a stream line and on its cusp. We 


On the other had @2F/a¢2 or ablad does not~ 
diverge in general. Hence at the cusp the % 
folowing relation holds : 


OF OF 
dw? ag? — 
‘Then (9) gives 
Ail 3") = = (59 = 
or i ae , 5 nee as 
CeO. . ; 


Hence it is only in a sonic or superso / 
region that the velocity gradient diverges. 
FE ae 


be 
th 


$4. The case when an intermediate 
beeral exists. 


tegral, we obtain 


retell cae (sd bad+2(0), 


a isan arbitary constant. 
meaning only in the region: 


SR es VAG Pa 


Substituting (18) into (8), we obtain. ~ 


eet 
aa ft (2) 


where x/ = ax/ow. inserts (20) in the first 
equations of (3) and (4) and integrating 


ae | = 


—ldw+a, | me 


‘them, we obtain 
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= xo+ (#]0q) [+ V (gle? —1-cos 0—sin 0], Yen 
y = y+ log + V @leP—1- sin 0+cos 0}, J 


where 


6= —a F[ktan-{k-!y/(q/c)?—1}—tan-"1/ (qie)?—1), 
(22) 


= (7+)/(7—1), (23) 


and (%, yo) is an arbitrary point onthe 
stream line ¢ = 0, a and y are given by 
the function x(w) as follows: 


aia cos 0 vt sin 0 tA € 

a= | ' x! dw, y =f2 x dw. (24) 
It may be seen from (21) that the line 

on which w or gq is constant is a_ straight 


line. The angle A between this line and 


the direction of velocity is given as follows. 


We make*%z-axis parallel to the direction 
of velocity at the point (%o, 0) considered. 


‘This;is done by choosing such a value of 


SoFigeil ib: 


Osamu SAITO. 


‘between 2 and @ takes the following form: 


a 
a 


a as @ vanishes. 


tan A= +1/Y (q/e’—1 or sin A=+e/9. (25) 


This relation shows that A is the Mach 
angle. 
If we, for instance, take x to be 


U!"= F (gle)v/ (q/e)?—1, (26) 
\ 


the stream line ¢ = 0 is expressed as 


2% = sin 8, Y= —cosé. (27) 

k : 
Therefore, this is a flow around a circular 
corner. (See Fig. 1 a, b) In these figures 
fuli lines are stream lines and dotted lines 


are Mach lines. In Fig. 1 b, certain stream 


lines have cusps and a thick line is the — 


envelope of Mach lines. 
In the general case when the stream 
line ¢=0 is givenas yo=I" (Xo), the relation 
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Then from (21) we obtain } 


= dul dee (22) and (2 8) 2 


es 


wo ¥ 


ge = ae tan 6,” yo = tan. 


we Ay ey 


: a= togtan ost] fii ee 1.0080 — sind}, 


a aa a i . 
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“for tm < _ 32, 
for —32S%< sich 
“for 32S E 
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a: ie with sy” “The ation eR to 
“i the next paper. Here we nals study | the case when m = 2 


Peg oes eay Db-+Ewt+G, 
ecg + foeans 9 ws oF +4, 


her A,B, es ee E and G are arbitrary constants. 


onan se tae 
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Om “Aw+B rae 


44%(64.0) 20), 
ages aw By} won (3D gu 
ee 


(te + ‘By 


“a aay +4 wi By} 8 sin. eee ae 


1 
aq 2q° st has 


by (4g? abe te 
aq alae Ae) Saw ) 


2g 
+ Auap) eo cos: Aw’ 


grating these equations, we get vee ea aS 
i 4 ~~ ‘ a = . 


a= ae Aw! eh eo 3a +P), 4 wea 


ae -- fi (Star) am 


Aer an een constant, and P and @ are arbitrary functions of ca 
ds sis the: last Rata of (3) and (4), use Wee 
20 _A+w) , 20 he 666. 
Aw en Zog a, ahs ae) 
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a ‘and b are arbitrary Consents | t 
“he stream lines in the eiity: of y= er are given by 


4 Soke ie er 


o=[-£e cos 


42. 2 [afer 14. hy fe : ; 


el eS Os pee | 
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where we choose A=1. When f = 1, that is, the fluid is incompressible, (39) become 


fe —5 (1p wye-™, | 


(40) 
y= ¢e-", 
where arbitrary constants are assumed to be zero. 
if we use a new variable z satisfying the. relation 
—— one waz, | (41) 
and eliminate w from (40), we obtain 
a x% = —z(1—log 2)/2 (42) 


From (40) it is known that the velocity is zero at infinite distance. Fig. 4 represents 
‘these stream lines. : ; 


SS 


Fig. 4. 


\ 
t 


When f is- not constant, that is, the fluid is compressible, f must be expressed as ” 
follows, corresponding to the zero velocity at infinite distance: 


ee ye ee 


This function changes its sign at the point where g = /2)(7+1). Therefore we know . 
from (39) that the stream line has a cusp at that point. Fig. 5 shows these stream lines. 
‘The dotted line is the locus of cusps. 
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$6. Summary. 


We obtain a new type of differential equations for the two-dimensional steady flo 


Ci na 
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of compressible fluid, where we use velocity and stream function as independent ve 
bles. Two exact solutions are discussed, one of which represents supersonic flow an 
the other subsonic flow. _We know that, in general, the infinity of velocity pigere 

i i i i ine 
cusp of the stream line occurs only in the supersonic region SO long as the stream 


is curved. 
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On the Relation between Creep and Vibrational Loss of 
Polymethylmetacrylate. 
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Iwayanagi, Hideshima and Shibata» 
have measured the torsional and flexural 


creep of. polymethylmetacrylate and found 
the following relation between the’ shear _ 
‘Strain y, and the time f¢, 


y = a+be log (+t) (2) 


where o is the shearing stress, a and b are 


the numerical constants determined by the 
measurement and @ is an unknown constant, 
which has been introduced in order to avoid 
the dispersion of this formula at ¢= 0. Ap- 


plying the Gross’s method” to this formula 


they calculated the dispersion of Young’s 
modulus with frequency.» The author 
calculated the vibrational loss by the same 
method and compared the theoretical and 


_ experimental results on both the Young’s 


modulus and the vibrational loss. 
From (1), it follows that 


= 


y(t) = y(0)[1+C log {(0+#)/0}] (2) 
where y(0)=a+be log @and C= ba|(a+ bo log @). 


By the Gross’s method the complex elastic 


modulus E* = E(1+i tan 8) is derived from 


The author wishes to thank Dr. A. Amemiya and Dr. I. Imai ae their ae 


. 2 F. “2. a - os omed analy w 
gp et eta MRA ALLER GLEE AMAL ALE OID iccamniieaalsiarias an 


(2). Then the Young’s modulus E and loss © 
factor tan 6 are given by 


E = Ex (1+ @A)/{(1+CA)'+ (CB)} (3) 
tan 6 = CB/(14+CA) ey 


where Ex is the instantaneous Young’s 
modulus and 
As la © dt=—cos 00 -Ci(w0)—sin w0-si(we) (5) 
O+t an | 
f 0 


ba) 


Fc i a a i a le i, el ee 


B= is a dt= —cos 06 -si(w8)+sin 0 -Ci(od). (6) 


0 ; ! 
: 4 . 


Thus, when C and @ are given, E and tan 
5 can be obtained by the numerical calcula-_ 
tion at any frequency. Kae , 
The value of C has been found to be 
0.026 for torsion and 0.056 for bending from — 
the experimental data by Iwayanagi and 
others... In the present case the nu- 
merical values C= 0.08 and #=0.8x10-4 
were found to be suitable to’ fit the theor-- 
etical curves to the measured values of loss” 


. § amis sy 
; 7 ‘ ; 3 


Tins e is the feetealaten curve and the o and 
ox Peatkes are the observed values, The in- 
tantaneous Young’s modulus E,, is. taken 
to be 5.5 10", “ The Young’ s modulus was 


e lateral vibration of the specimen and 
e loss factor was obtained by measuring 
e charge of the rectified damped current 
by the ballistic galvanometer.*) The dimen- 


cm wide and 0.6cm thick for o mark, and 
about 15cm long, 2cm wide and 0.14 cm 
thick for x mark. The measuring tem- 
etre was both 22°C. 


C=0.08 
@=08x/o° 


100. 500 1000 (Cp.S- $000 


Pirie: 3 Comparison between thdoretioal 
and experimental results on Young’s 
modulus # and Ages factor tan 0. 
i 


The | Aarectneht of fore and ex- 
Se rimental results is good. The assumed 
value C=0.08 is of the same order of 
magnitude with the observed value C=0. 056 
by the flexural creep experiment. §=0.8x- 
10-* may be reasonable as it can not be ob- 
served in the creep experiment. Therefore, 
we can conclude that the’ vibrational loss 


of polyme-thylmetacrylate in the audiofre- . 


quency range is caused by the sarhe mech. 
anism as that of the static creep which 
owe. the linear, deformation with log #. 

- Now if the vibrational loss is related 
fo" the creep, we can expect the effect of 
the amplitude of the shear strain upon 
the. vibrational | loss. Fig. 2 shows the 


variation of loss factor due to the amplitude 


of strain at 357 c.p.s. and 19°C. We could 
follow. the amplitude ‘change of about 104 
by measuring the half width of the re- 
sonance curve. “The maximum shear strain 
‘ { 
haa? re 


ety ee 


; at the loop of: the lateral vibration cor- : 
gure the solid 


ained from the. resonant frequency of 


mn of the specimen was about 30cm long, 


é gor the dashpot. 
with log ¢® and the vibrational loss a 


Soke: 


-seems-to show this gradual decrease of loss. nit 


tion on the same sample as used in vibration. “iN i % 


responding to the amplitude 1 in the arbi- — 
trary unit of Fig. 2 is about 5.4x 10-5. -The 
loss factor begins to decrease at about 5x. 
10-* of shear strain. This corresponds to 
5 x 102 dyens/cm? of shear stress. 


0.06 


Fig. 2. Effect: of the amplitadd of tae 
on tan 6 (in as unit). ; 


another’ spring is coupled with ee i 
parallel. When the applied ehear ine stres 


“Then the creep is ine 


Then the creep is ORS EES He 


the form of te exp (— at)and the vibranony 


on the amplitude of stress. jut 
magnitude of stress the Eyring’s mee 
approaches to the Newtonian viscosity a 
the amplitude of stress decreases. Fig 


factor from the Eyring’s Vipcpotey to. ths, 
Newtonian viscosity. 

The author wishes to thank Dr. H. Kane sn 
for his stimulating suggestions and discus f 
sions in this work. 1B \ a 


Note added in proof. Lately the author: ae ah 
measured the flexural creep and stress relaxa- ot 


The linearity with log ¢ was observed in the Bale) 
shear strain of about 10-%, which is of the same —— 
order as used by Iwayamagi and others, and C 
was found to be about 0.035 in both cases. This 
is inconsistent with the assumed C=0.08. As the 


will be recut to. compare V with the creep | in (8 


such small strains. 


References. 
.. Shibata, T. Hideshima and S. Iwayanagi: 


Sci. Res. Inst. 25, (1949), 387. (in Japa-_ 


BpGtous’: J. App. Phys. 


18, (1947), 212; 


y 
Sei. 


Rep. 
- nese.) 
(4) W.C. Schneider and C. Je Burton : . 

Phys. 20, (1949), 48. . 
J. Phys.. Be Japan. 5, 5, 1950), 


(5) E. Fukada: 
321. 


(6) A.V. Tobolsky and, H. Byring: 


sPhys: 11, one 125. 


. 


_ TOURNAL OF THE PHYSICAL Socrnty OF Jina VOL. 6, No. 4 Joux-Ave., 1961. ae 


J 


* 


On ve Niheneto thé tapelere es Power of 


_ Iron ea at High Temperature. 
| 


Ry pera FUNATOGAWA. 
Yokohama National University, Japan. 
(Received October 21, 1950) 


‘ Alt though many invgstigations ‘concern- 


: the Use ‘in pbhysteal aii lass bs 


iiaisnetb ibeemoeioree power along a 


tion with direction cosines f, Bz, Bs ag 
the principal axes of a cubic crystal, wh e 


the domain is magnetized\in a direction as 


Ay, @, anda temperature gradient. is existing 


gnetization or, as it is Soenraee 
the magneto-thermoelectric power, 


along a direction T1; Ts 


Pies a; and a a 
constants at given temperature. In our. 
CEy Ts, so we get) at 


Ean = + De BP 5 gles si. Be = 


is: ondeke to determine tie: constants 


_ and a; by measurements of real crystal rods 


We must meget a (rk se i niet of 


acre. between the thermoelectric “di 


ers of a Japtiane pNneranht ‘specimen and 


n= Gta + Oey 2) ot bit A ta Si Bos Bs. 


Palin 
a Oar 
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the above equations (E,,,)as; is the induced 


Fe asa swhole is in ey state of ar 
as pointed out by ‘S. Kaya and : 


They also found that at the 


ie corresponding to the 


residual magneti 
hysteresis curve the 


their direction 
of the ele 


< 
‘a 


irs Die ee? ss Gite clade Malian 
aes 


np ie > Ra ' 4 
ot Aik A egy) SN ARS « 4 Ae 


ron mat’ High Temperatures Reena BS Sree DEN (Xs 


ing: point as a andded state. The magni- 
tude of the magneéto-thermoelectric power — 

It between the saturation and the remanence 
herefore, reasonable ‘a adopt the presie of a crystal is given as 


’ 


(Bry)ont em, = Oy + a ++ 2 (ds — an) (BP Be? + BP BL + Bx? 8.) 4a 


Not “ 3 By Br 
| ers — [lot 85 oa, +A, a+ as B)-5 5 +2; + (do + a1 83") 5 a 
i %§ \ BBR B As f Ee 
ee: 4 oe eee ]#2@-a) (8,? Be + 82 BP + B2 B,°) : 


From his equation the author® Boor mined differential thermocouple. The specimenas ’ 
the constants at. the room temperature, was then placed in a vacuum quartz tube 
‘namely, 7 ie Raa a Bars carrying two independent non- -inductive | 


ee oe Sai ela eh ae eesti windings of nichrome wire; the one was 
Ae: os Em)ivo = 3% = 70 x 10-' Volt/Deg, long furnace for heating the specimen and 
aay 9 : the other a local one for controlling the 


(Bra = ty = 18 x 10-7 Volt/Deg, °° 


3 temperature difference between the both 


ends of the specimen. The ordinary thermal 
e.m,f. arising from the Fe-Cu thermocouple 
was nearly balanced by connecting the ; 
copper leads as usual with a potentiometer. 

The magneto-thermoelectric force set up in mii 
consequence of magnetization of the speci- | 
men by a magnetizing coil Hulsansss: the 


“where (En)ioo and (E,p)111 are the magneto- 
thermoelectric. Os along [100] and [111] © 
respectively. : 

The purpose of this: Meena is to 
know the temperature. dependency of the 
constants ay or (En)100 and Q2 or (En )i31 in 
the same manner as above consideration at 
‘the room Pape cate PM Te, Sirk deflection of a sensitive sae oe eter. 


§2. Experimental method | and ‘samples. 


A Fe-Cu thermocouple was Se cas stalization method of electrolytic Sheattne 
by connecting each end of a specimen with iron. The diameter, length, direction cosines : 
copper wires. Inall cases the hot junction was of rod axis and the calculated and observed — eS 
always about 20° C higher than the cold one residual No Soh ots Gia at room temperature fe 
that was measured by a copper- -constantan are shown in Table I. vid , 


Table I. Be 


Sample ‘| Diam. | Length |, izecaon cosines. atte Fk 

. number | (mm.) — 3 (mm.) Sey re By | -; | Rhee _ obs, Hy 
‘ae i ‘a 1.930 | 140.0.| 0.749 | 0.871 | 0.167 1116 6, 
Bde ye Bao | 189.6 | 0.996 0.065» 0.054 | 1583 = 1585 
‘ be 406 . 1.955 | 230.4 | 0.659 |. 0.542 | 0.522.) 992 | 995 


Bie oh Table, II. 

: Paes: (En,)sat-rem, * 108 Volt/Deg. Son, 20°C | 120°C o | a 220° C 3 820°C 420°C 520°C os 
Bearer Aes, j Paes 4 = it oe F Ty = 
Bt)" 0.09980; + 0.01420, °° 10.5 | 8.0 | a lala eae t 2.0 073s a 
Biya Be Stan Ps 4 i + 2 : = : = = ; 
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Table III. 


Zenya FUNATOGAWA. 


(Em)sat,-rem, x 108 Volt/Deg. | 20°C. 44120°.0 


220° C 320° C 420° C 


0.0072a; + 0.6518a, eh he ra ote4: 


—11.7 —11.1 


| 
! 
| 
| 
| 


Table IV. 


(Z.n)sat.-rem, x 108 Volt/Deg. 


| 120° C | 220°-C | 320° C | 420°C_| 520° C | 620°C 720° GC 


Bihan oui Sm 
— 


+ 

0.085a; + 0.4644, | 0.1) —1:3 1° —3.5 | 817 toceaey 1.3) 
: 

Table V. : 

| | { | ] 7 

20°C | 120°C | 220°C | 320°C | 420°C! 520°C | 620°C | 720°C) 

ay x 108 Volt/Deg. | 106 83.6 | 68.5 | 41.0 19.0 6.0 | 0.8 0’ 4% 
pee wavoun | 5 Seana BE ON Se, | § 

ay X 108 Volt/Deg. pets: 2 | 18/2) <38.8:| 15.6} 413-8) —9.6 | —8.0] —2.87 
| | { ; 


é i : 
‘ 


The residual magnetization calculated by 
the Kaya’s formula J, calc. = Joo/(8:1+82+Bs), 
where j.. is the saturation value at. given 
temperature, coincides satisfactorily ° with 
_the observed value J,.obs, even at high 
_ temperature. 


§3. Experimental results. 
In all cases we measured the magneto- 


thermoelectric power at several points on 
the descending hysteresis curve at each | 


temperature up to the Curie point. 

In Fig. 1 the -magneto-thermoelectric 
- powers in the case of No. 10 specimen are 
shown as a function of magnetization. The 
values of (E);)sat rem. at Several temperatures 
are shown in Table II. As it shows the 
values of (E;)sat-rem. decreases almost line- 
arly with temperature and become practi- 


cally zero at about\600°C. The values of 


(En)sat-rem, are given by a sum of the changes 
in magneto-thermoelectric power due to the 
discontinuous and rotational demagnetiza- 
‘tion. The Ist and 2nd terms in the 1st 
column in the table, namely 0.0993a; and 
0.0142a, , represent respectively the contribu- 
» tions of the former and the latter processes. 
If the bar axis coincides exactly with the 


\ 


7 


eae Zaies 


ee ae 


400 600 


Fig. 1. The tetragonal crystal, No. 10. 
The remanent point is represented by a 
dotted line on the curve. 


tetragonal axis, both of the terms are 
reduced to zero and the remanence coincides 

with the saturation value. 
Fig. 2 shows the result of No. 10D" & 
trigonal crystal. To avoid the confusion of 
the figure, the origin of the magnetization 
at 120°C is taken below by 100 from that 
at room temperature and so forth. The 
values of (Enm)sat.-rem. at several temperatures 
_ 


pigs ae 
, 4 \ tee 4 ; Atias its 


we 
his, 
pe: 


f The mie PRCT oul coede powers. ins 
other crystallographic directions / can be ¥ 
a 


changes its sign at high temperature; 
withstanding the styles of the curves 
not so much important because they 


crystal of i iron. The saturation value changes 
its sign at hightemperature. 


ERO 8.0 F210 Lf 2>)° fk 


- 0 1 4 LO Ss f 

try SL Ee 
Fig. 2. The trigonal -erystal, No. 105. é eu [abort Alaa 
The remanent point is represented by a a eas: 


€ dotted line on the curve. - d / 


3 { Lo 
SOE tt Bical Sao ei eae NC! ECS heed ag ach les pag eeag ieee es 
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/ _ 


Fig. 4. The polycrystal. 


“$4. Discussion. 


the crystals at several temperatures we 
calculate the constants a; and az by sol 
the normal equation. We know that 
(E,,)100 decreases almost linearly with 
see to zero at about 600° C and | 


mrcrise Wemisdatare to zero at the cae po 
-as shown in Fig. 5 and Table V. 
figure: me ee etostr ice rouse ke 


af The. diagonal Teese No. ae, are shown. > 


Bal" “The Sb point is. represented by An. ordinary ebeolatey fhermbelees 
Bic ac dotted ne on the curve. Bn He Dee es 


‘ae rt power which shows an abrupt change 

re shown in ithe Table Il. We know that below the Curie point by appearenc 

| E, En) sat.-r #6ia, | is almost constant spontaneous magnetization is independ 

eG and then {een almost of the direction of magnetization of domains 

and becomes ‘and explained qualitatively by N.F. Mott 

from the standpoint of modern metal theory. 
" ; 
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600 
——Temperature—> 


Fig. 5. Temperature dependency 
of the constants. 


The magneto-thermoelectric power depends 
upon the direction of the magnetization. It 
is not sure at present whether these proper- 
ties are directly related to ferromagnetism 
or only indirectly related —through the mag- 
netostrictive lattice distortion, for instance, 
as was first pointed out by Ewing. ~As 
pointed out in the preceding paper) that 
there is no intimate relation between the 


Tohru KAMEI. 


magnetostrictive lattice distorsion and ‘th 
magneto-thermoelectric power, we may alse 
accentuate this conclusion because, as show! 
in Fig. 5 the temperature dependency of th 
constants is in the contrary order and not 
in a close relation between them. 4 
The magneto-thermoelectric power ue 
depend upon the scattering processes in 
which an electron makes a transition fro 
the s- to d-band as in the case of the mag 
neto-resistance effect. Weare now measur- 
ing the temperature dependency of the mag- 
neto-resistance effect in order to make clear 
the experimental relation between these 
effects. > 
The writer wishes to express his sincere. 
thanks to Professor Dr. S. Kaya for his 
ready advice and for stimulating discussion” 
throughout the course of the work. It is” 
also a pleasure to thank Professor Dr. oe 
Muto for his kind advice and for Seneca 
discussion of the result. r 
\ 


References. 


(1) S.KayaandH. Takaki: Sci. Rep. Tohoku, 
Prof. Honda’s Aniversary Vol. (1936), 314. 

(2) Z. Funatogawa: J. Phys. Soc. Japan, 5 
(1959), 311. 

(3) H. Takaki: Zeits. f. Phys., 105 (1987), 92. © 

(4) N.F. Mott: Proc. Roy. Soc., 156 (1936),.368. 


JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN, VoL. 6, No. 4 JuLy-Auc., 


1951. 


Mechanical Barkhausen Effect | 


By Tohru KAMEI 


Institute of Science and Technology, Komaba-machi, Meguro-ku, Tokyo 


(Read April 29, 1949; Received November 13, 1950) : 


$1. 


Introduction. 


When stress applied to a ferromagnetic 
substance is changed even slowly, directions 
of magnetization in some of the ferro- 
magnetic domains change abruptly. This 
is known as mechanical Barkhausen effect, 
and is important to the study of the 90°-wall 
displacement of the domain. This paper 
describes the results of the experiment which 
was undertaken in order to study the above 


‘mentioned phenomenon in single cepetate of i 


iron. Shichijo studied this phenomenon . 
several years ago, using polycrystalline 
samples of silicon iron and of pure iron. 


§2. Experimental Arrangement. 

Iron single crystal rods of 2mm dia- 
meter were examined. The length of the 
rods ranged from 60mm to 100mm. Prior 
to the examination, the single crystal sam-. 
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ples were annealed at 790°C in the atomos- 
Phere of hydrogen and then cooled slowly 
to room temperature. The experimental 
arrangement is shown schematically in Fig. 
1. Care was taken that the tension to be 
applied to the sample might be uniform. 
Both ends of the single crystal rod to be 
examined were soldered tightly to the inner 
walls of brass tubes denoted as T in Fig. 1. 
The weight W floated on water, and in order 
to increase or decrease the tension to be 


Saw tooth 
voltage * 


Single sweep 
voltage 


Fig. 1. Schematic diagram of 
the experimental arrangement 


applied to the sample continuously, water 
was transferred to or from another vessel 
by means of siphon. The tension was 
changed within the elastic limit of the iron 
sample and the rate of change was 3.5 g/mm? 
per second. The search coil C consisted of 
a thin glass tube on which 250 enamelled 
copper wire was wound. The number of 
turns was 3000 and the length of the coil 
was 2mm. Induced voltage in the coil was 
amplified by a 4-stage R-C coupled amplifier, 
the thermionic tubes UY 6301, two UZ 6C6,@) 
and UY 76 being employed. The gain of the 
amplifier was about 120 db. The Barkhausen 
figure appearing on a Braun tube at various 
values of the applied tension was photo- 
graphed by a camera that was equipped 
with a 4.5F lens. 

The deflecting plates were connected in 
two different ways according to the purpose 
of experiment. In order to examine the wave 
form of Barkhausen peaks, the plates were 
connected in an ordinary way: the amplified 
voltage was applied to the vertical deflecting 
plates, and saw tooth voltage was applied 
to the horizontal ones. Fig. 2 is a repro- 
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<> 
10° *sec. 
¢‘—_ 
Fig. 2. Reproduction of the photograph 


when the deflecting plates were connected 
in an ordinary way. 
Fe [100]. Decreasing Tension 


duction of the photograph taken by this 
method. Owing to repeated sweeps of the 
ground line, the figure of the ground line 
was so broadened that small peaks were 
lost in the back ground. In order to count 
the number of peaks and measure their 
heights even approximately, over-exposure 
of the ground line had to be avoided. For 
this purpose, therefore, single sweep voltage 
was applied to the deflecting plate that was. 
otherwise earthed for an usual purpose. By 
applying at once single sweep and saw 
tooth voltage, singly swept records just like 
oscillographic records were obtained, ex- 
amples being shown in Fig. 3. The wave 
form of the Barkhausen peaks obtained by 
this method were, however, deformed to 
some extent. 


§3. Experimental Results. 


Only isolated Barkhausen peaks were 
observed at any value of tension, as shown 
by the examples in Fig. 2 and Fig. 3. Some- 
times two (and scarcely three) peaks formed 
an isolated group. This is quite different 
from the case of magnetic Barkhausen effect 
in which complicated groups of peaks 
are observed and their wave form change 
along the hysteresis curve. Another different 
feature in the mechanical Barkhausen effect 
is that peaks appear on both sides of the 
ground line. This agrees with the fact that 
a ferromagnetic substance cannot be mag- 
netized by a mere application of tension. 
Then it is expected that the sum of area 
of peaks appearing above the ground line is: 
equal to the sum of area of peaks appearing 
beiow the ground line. Instead of measuring 
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Fig. 8. Reproduction of the photographs when single sweep voltage was applied. 


a. Fe [100]. 
b. Fe [100]. 


areas, heights of peaks were measured in 
this experiment. Amplification was so high 
that tube noises appeared on the photograph, 
although tubes with as low noises as possible 
were employed. Wave forms due to tube 
noise alone were examined and their maxi- 
mum height was measured, and Barkhausen 
peaks that were higher than this height were 
considered as genuine peaks. 

Plots of Barkhausen peaks versus time 
that were measured on photographs taken 
when single sweep voltage was applied is 
shown in Fig. 4. In these diagrams the time 
scale is chosen far smaller than the original 
photographs, so that the original detailed 
wave form of the peaks is not shown, the 
vertical deflection representing merely. the 
height of the peak. 

For each sample the heights of peaks 
appearing above and below the ground line 
were respectively summed up and the results 
are tabulated in Table 1. As expected, the 
sum of heights of peaks appearing above 
the ground line is generally equal to the sum 
of those appearing below the ground line. 


Increasing Tension 
Increasing Tension 


Table 1. 
| Direction of | Sum of Heights 
Peaks (mm) 
Sample*| sabove or et ; ~ 
(below the ) increasing decreasing 
ground line tension tension 

ahowe oe yAsy Aad | 31.4 

[100] below 280.9 43.0 

above 287.6 6.0 

[100] | below 315.7 30.0 

above : 176.4 ? 20.5 

Be) below 188.3 | 19.0 

above iia Dae 

[100] below 151.6 28.9 

above 24175 8 7.0 

[100] below 163.1 5.5 

above 105.8 12.1 

[100] below 118.7 3.9 

above 240.5 14.9 

[110] below 173.2 11.7 
ee 


* [100] and [110] mean that the geometrical 
axis of the crystal rod coincided with the tetra- 
gonal and digonal direction respectively. 


4 3 3 
> -3 { ‘Yee SS x 
S10 2See so) Vo, 
Sle Rig--4.“Plote'of Barkhausen peaks versus © 
_ time when the tension was increasing. 


Fig. 5 and Fig. 6 represent sum of heights 


= of peaks versus the tension curve, in which 
sum of heights of peaks appearing for ‘each 


: interval of tension of 0.15 g/mm? is repre- 
sented by each point. The curve for peaks 


_ with that for peaks below the ground line. 
“The curve’ for the case in which the applied 
‘tension was increasing hasa formof Gaussian 

distribution and the maximum is situated at 
-about 300 g¢/mm?, but the curve has a tail 
towards larger tension. Even when the 
tension was larger than 1000g/mm?, peaks, 
although few in number, were still observed. 
When the tension was decreasing from a 

_ sufficiently large value, peaks were scarcely 
observed while the tension was larger than 
about 150 g/mm?. Below this value of tension 
- peaks began to appear, and the sum of 
heights increased rapidly as the tension 
approached zero. These tendencies’ were 
ssimilar for various single crystal samples, 


® 
/ 


| Mechanical Barkhavisen Bieet 


_ elastic one. 


- line; therefore the ferromagnetic elon 


-Barkhausen effect, peaks are observed t 
~ concentrated in this region. 


the elongation versus tension curve i 


_sabove the ground line has the same tendency 
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“being Beker hat different in minute details. - 


$4. Discussion. 

When external stress applied to an iron 
crystal overcomes the internal stress of the 
crystal, 90°-walls of the elementary domains 
are displaced irreversibly, giving rise to 
Barkhausen peaks. At the same time the 


iron crystal must undergo irreversible elon- 


gation characteristic of ferromagnetic sub- 
stance, in addition to the ordinary reversible pe 
The elongation versus tension — % 
curves in single crystals of iron were un Se 
obtained by Murakawa,) and Fig. 7 shows aN 
one of the curves obtained by him. Bt 
’ The curve consists of two parts: the one. 2 i 
is of elastic nature and obeys Hooke’ 5) law oy 
as shown by a.dotted line in Fig. akg and the. : 
other of ferromagnetic origin. In the figure 7 
the resultant elongation is shown bya 


dotted line and the full one. 
tension is increasing, the irreversible 
magnetic elongation is mainly obse nt 
between A and B. In the case of mech 


Above B, 
when the tension was larger than 1000 g 
few peaks were observed. Strictly spe 


region is not parallel to the line repie® 


on. 


e- =: 


in the region between D and R, contre 
of ferromagnetic origin is observed. — 
responding to this, Barkhausen peaks we 
observed in the region near R. When the — 
applied tension is completely removed, a 
considerable amount of remanent elongation 
remains. This corresponds to the author’s 


finding that sum of the heights of Barkhausen 


peaks observed when the tension was. in- 
creasing from zero was larger than that of © 
Barkhausen peaks observed when the tension 
was decreasing from a sufficiently large 


Increasing tension 


above the ground tine i 


below the ground line 


hep as tee 
ee oun te isd eRe 
ay ai rh ‘ fre i Sage 


9 
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Tension —> 
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F value. Thus the ‘result of experiment on. 
the mechanical Barkhausen effect is consis- 


* 


‘ 


; In the recent years) many experimental 
3 and theoretical ‘investigations have been 


= made on the peculiar properties | of barium: 


titanate, which shows a new type of ferro- 
electricity. It is known) that the solid 


_ solution. of BaTiO; and PbTiO. shows ferro-. 


electric properties of barium titanate type, 
having the Curie temperatures which rise 
| with lead contents, attaining about 500°C for 
pure PbTiO;. Although an evidence for the 


ferroelectricity of lead titanate was given , 


by Roberts”, no detailed investigations 
appear to have been made on the properties 
_ of this crystal. 
a4 According to Cole and Espenshied®) the 
crystal structure of this substance seemed 
to' belong to orthorhombic system but more 
recent investigations” show that it may 


possess a tetragonal structure with a rather 
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tent, with the Meneation versus load curve. 

The mechanical Barkhausen effect is — 
thus suited for a microscopic examination — 
of the mechanical property of ferromagnetic fe 
bodies, especially for the microscopic study 
of the distribution of internal stress existing 
in them. 

The author wishes to pipes sincere 
thanks: to Prof. Murakawa for his kind 
guidance and encouragement throughout this. : 
work. ee 


Yh nee) ane deter 
“*1) Y. Shichijo : 


(2) This tube is now ebebbsis for use 
less technique, but still adequate for use in 


(3) -K. Murakawa: 


_ Nippon ’ Sia 
Bakiaee, 16 (1942) 88. * 


Wei 


‘ 


‘ratio. We have ¥ 
reported” that the solid solorinn of 
lead titanate has a tetragonal str 


that a more Ae abte Monte 
Curie point should be expected. 

In order to obtain the detailed i 
tion on the phase transition in this « 


and a Si iamanctent study. 


§2. Permittivity Measurement. 


At first, we have measured the permit- . 
tivity as a function of temperature. Ceramic — 
specimens were prepared by sintering the — 
mixture of PbO and TiO, at about 1100°C. 
It is. difficult to obtain the hard sintered 
matures, and ceramics obtained are very — 
porous and fragile, so that the precise values } 


hs of et caitiviey and of ‘the Cutie constant et 
can not be obtained. 
Permittivity measurements have been the permittivity measurement was pulverized 
_ made at temperatures from —170° to 550°C, to fine powder, and it was sealed in very 
with alternating field of 1 MC/sec. and about thin capillary tube made of hard glass 7 
2volts/em. As shown in Fig. 1, we have (diameter = 0.5mm), with a small content — 
found only one transition at about 490°C, of pure silver : ‘powder for the calibration. 
in contrast with the case of: BaTiO; which of the precise camera constant. 
shows three transitions in this temperature In the first place, the crystal structure © 
* range. By extrapolating the Curie temper- at room temperature has been determined. — 
‘ res of (Ba-Pb)TiO; “system, Jonker and, The photograph, taken with Cu K. radiation, 
anten”) expected that the Curie point shows tetragonal line as reported in the 
may be in the range of 500~700°C. former publication.) That is, the crystal 
rdin to Waku and Hori® it is about of lead titanate at 30°C belongs to tetragonal 
The Curie temperature observed by system with a=3.894 A, c= 4.140 A and c/ja= — 
what lower than these results. —_1.063*.. We have then carried out a quali-, 
foie tative intensity measurement of this photo- — 
-~ graph and compared its result with that of © 
‘BaTiO. From this comparison, we have 
ascertained that the atomic arrangement in 
this crystal is similar to that in BaTi0;.© 
Then we have investigated precisely the 
temperature changes in the lattice con- 
stants, the axial ratio and the volume of 
-unit cell. At various temperatures, these 
values were calculated from (143), ), (134) and 
(422) lines taken by back reflection method. 
‘| Obtained results are shown in Table I and : 
i BP iy rare Figs. 2, 3.and 4. As seen. in these figures, a 
700 200 300° a0 Be 600 _ the tetragonality of PbTiO, decreases with 
| Temperature ( yt Sete _. increasing temperature | and the structure _ 


walt, tigtning Gubaatte a: 


-— Rermittivily 


aye 


1. Permittivity as a fonetion of _ transforms to cubic lattice at the Cutie point, 
hinse Pie aatey is . he 490°C, in accordance with « our permittivity 
- measurement. At 535°C, the lattice constant | 


? [ar eee 
- SNC eet anes. xe 


_ The change of unit cel volume sak shown — 

in ‘Fig: Bos Tk is remarkable that the volume ' 
of unit cell of this substance does” not 
crease but slightly decreases Seithy the hea! 
perature rise, and” during the transitional 
- region it decreases almost” discontinuously 
by the amount of Avjv=4. 410- *, de. 0.27 As 


per unit cell. In. the ‘cubic region it 
ee: is not sunt Great from increases normally. The volume expansion 
. € of BaTiO; (C=1.39 x 10°°C) ang PbZrO; coefficient of this crystal. is approximately 
: ote = 1.36x 10°°C): “al given by 


x 53. pea = —16x10-* in the tetragonal rebions 

8 = 2510-° in the cubic region. 
The X-ray study of this crystalhas been This peculiar results are supported by cai 
performed by the use of powdered specimen, atten ste measurement described below. | 
_ and the Debye photographs were taken at § ———-—-———_ i 
* various temperatures from 30° to 535°C, ‘ dn the preceding note, ce we have reported that ae 


3.891, c=4.14)A and clu=l. 
sing the high temperature Kikay camera, aa Ris =n clu= 064 which Skeid be ‘corrected as 


at above, our ceramics. are too a is 3.960 AS 
a the exact © estimation | of the 

value.. Nevertheless, the permit- 

e Sercelectric region is ait ines 


ith C 420°C, C = 1.1« 10°C. This. value 


— = — 
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Table I. Lattice Parameters. 


Temp.(°C) c-axis (A) a-axis (A) c/a ‘unit cell volume (A?) 
30 4.140 3.894 1.063 | 62.77 
110 4.125 3.899 1.058 62.72 
200 4.104 3.907 1.050 62.65 
300 4,081 3.918 1.041 62.65 
825 4.073 3.921 1.039 62.61 
350 4.066 3.923 1.037 62.58 
400 4.046 3.930 1.029 62.49 
410 4.041 3.933 1.028 62.50 
425 4.036 3.934 1.026 62.45 
440 4.030 3.936 1.024 62.48 
45) 4.028 3.937 1.023 62.44 
460 4,021 8.938 1.021 62.37 
470 4.016 3.942 1,019 62.31 
480 4.011 3.942 1,018 62.31 
490 _ 3.958 1.000 62.03 
510 — 3.959 — 62.05 
525 — 3.960 _ 62.09 
535 - 3.960 — 62.10 

(Ofna Om 002200 112 21), s22 312.291 
— — st 


110 
Rigs 2. 


It seems reasonable to suppose that the 
thermal expansion of BaTiO;-type ferroele- 
ctrics is a result of superposition of normal 
expansion and abnormal contraction, the 
latter being caused by the temperature 
change of polarization. In this crystal, we 
consider, the latter one is large enouth to 
cover the former, so that the volume of 


200 


Debye photographs at various temperatures. 
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525C 


- 
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At et} 


PbTiO; as a whole contracts with temperature 
rise. 

At present, we have no_ sufficient 
evidence to determine whether the change of 
structure at Curie point is discontinuous or 
not, though it is very steep. It seems dif- 
ficult to determine this point experimentally. 
The single crystal study may be helpful 
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Fig. 5. Unit cell volume as a function 
of temperature. 
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for more detailed investigation. 


$4. Dilatometric Measurement. 


As stated above, the remarkable volume 
change of PbTiO: was found by X-ray analy- 
sis. To confirm this phenomenon, we have 
carried out a dilatometric measurement. We 
used a simple dilatometer constructed of 
silica rods and optical lever. Ceramic speci- 
men was formed into a rod, 3cm in length 
and 0.3cm in diameter. Using this specimen, 
we can detect a: dilatation as small as 
41/1=3x10-*. In Fig. 6, we have shown 
(1—1))/I) as a function of temperature, where 
I, is the length at 30°C. 


sh 0 200 400 
Temperature (% ) 


Fig. 6. Dilatometric curve of PbTiO, ceramics. 


600 


As shown in this figure, the length vs. 
temperature curve shows the same tendency 
as known by X-ray analysis, but we found 
that there is a complicated hysteresis in the 
cooling curve; this phenomenon is in common 
with (Ba—Pb)TiO, which contains PbTiO, 
more than 50%. Details will be mentioned 
ina later paper concerning this (Ba — Pb)TiO, 
solid solution. 

In such substance, macroscopic length 
change of ceramics may not represent the 
real change of lattice spacing. But the 
heating curve is nearly reproducible; and 
in fact we obtain the average volume 
expansion coefficient from this curve. 

B= —18x10-* in the range 40°~440°C, 
8 = 25x10-° in the cubic region, 


(Vol. J 


these values being in good agreement with 


the results of Xray analysis. 


§5. Specific Heat... 


Using an adiabatic calorimeter of Naga- 


—_— 


400 


200 300 500. 600 
- Temperature ( ) 
Fig. le ‘Specifie heat of teal titanate. ; ' 
: saki-Takagi type,®) which is an Drover anomalous internal energy due to Gna 


of Sykes’ 
ig prccite heat as a function of temperature. 
We have used the same ceramic speci- 
men as used for the above measurements. 
The powdered specimen ‘of. about 25g in 
‘glass vessel of 2g in weight was heated 
‘at a rate of about. 2°C/min. Heat capacity 
~ of empty calorimeter was calibrated by the 
use of KCl as a standard substance. The 


specific heat vs. temperature curve is shown . 


in Fig. 7. . 

As seen in this figure, there is a Baa 
: great anomaly of specific heat at the transi- 
tional region. The specific heat curve shows 
‘a sharp peak at 490°C. Attention must be 
‘paid to the fact that the specific heat shows 
an anomaly over a wide temperature range. 


- Now we shall tentatively assume that the 


heat corresponds to the 
Then we 


normal specific 
- broken line shown in the figure. 


can obtain the transition energy as 1150 cal/ 


mol in the range 340°~540°C, the accom- 
-panying entropy change being about 0.80 R. 
This great anomaly is to be compared with 
the small transion energy in BaTiO;“ which 
is about 20~40 cal/mol. 

‘According to the theory ‘of barium 
titanate proposed ‘by Devonshire), the 


one,") we have measured the 


Ld 


SB ATER = B.Tiela--1)+-- 


where 1H seer eat! the Curie temperature 


spontaneous polarization can be expanded. 4 
as ae : “tO 


id me) 


= 
and B- depends on, the piezoelectric and — 


elastic constants. 


This relation between — fe 


polarization and crystal strain was cofirmed _ 


experimentally by Merz“*) in the, case of 
BaTiO; . 
polarization of this crystal has not yet been 


to 
£) 


Though the value of spontaneous _ m: 


estimated, we have found that c/a, | which — 
is 1.063 at 30°C, decreases considerably’ from 


a temperature far’ below the Curie — “point. 


Taking account of this: fact, it seems rea- a 


sonable to assume that the specific heat als 
has an anomaly in the same temperatur 


internal energy E as shown in Fig. 8, utilizing 


the normal specific heat shown in Fig. Ta 
This curve is quite similar to the temper 


ature change of axial ratio cla (Fig. 4) okt 
is found that Eq. (1) holds appa 
in this temperature range with B = 40cal/ 
mol. 
that B is about 15cal/mol in the case a 
BaTiO, 


. range. So wehave calculated the anomalous re 


On the other hand, we have estimated — Fs 


550 400 500 550 


Femperabare(e) 


; aio 8. Anomalous energy estimated from 
i the agen heat curve. / 


ai At present it is dificuit tS determine 
ther there is a latent heat at the transition 


. 


rge (c/a = 11063) and the change. fod 
pacing at the transition is very 
st Moreover, as the temperature is 
sed the unit cell volume does. not increase 
ecreases gradually and at the transition 
there is a great volume contraction, 
3) Corresponding to this large lattice 
, a large transition energy was found. 
specific heat curve shows an ano- 
#fo om far below the Curie point, ust 

ponding to the change of tetragonality 
ame temperature range. 


aie — at room ftewinen 


(4) S. Roberts: 


that of BaTiO;, although our orks te 
porous to measure these values. 

In conclusion, we wish to express “out 
sincere thanks to Professor S. Miyake, Pro- 
fessor Y. Takagi and Dr. S. Sawada for their 
kind guidance in the course of this research; © 
and also to Mr. E. Sawaguchi and Mr. K. 
Suzuki for their helpful advice on our work. 
-This study was helped by the research grant 
from the Ministry of Education. 


References. 


(1) G. H. Jonker and J. H. van Santen: Chem, Z. 


Weekblad, 43 (1947) 672. . ¥ 
(2) S. Waku and J. Hori: Reported at the Gomes 4 

mittee for the Piezoelectric Material, held at 

Tokyo, on Ist May 1950. ~- 
(3) S. Nomura and S. Sawada: 
' Japan, 6 (1951) 36. ; 
J. Am. Ceramic Society, 33 


J. Phys. Soe. 


(1959) 63. 
(5) S.S. Cole and H. Espenshied: J. hia. Guend. 
4i (1937) AAG NS ey 
(6) I. Naray-Szabo: Naturw., 31 (1943) 202, 446. 
‘ H. D. Megaw: “ Proc. Phys.. ra “London, 
© §8 (1946) 188, 2 
0G ) G. Shirane, S. Hating and , K. Suzuki 
Phys. Soe. Japan, 6 (1950) 453. 2 aghe h 


@) ee D. Megaw: ‘Reon Bas: Soc.,, aia 


bees 6G 


Eps “Miyake and R. Ueda: ny Phys. Soe. Japan, 
.2 (1947) 98. Oo Aas ; 
(9 ) S. Nagasaki anki Y. Takeagt: 7 iz “App. Phys. 
. Japan, 17 (1948) 104.0 
(10) C. Sykes: Proe. Roy. Soe. ‘Anas (1985) 420 " 
(11) M.G. Harwood, P. Popper and D. fears 
man: Nature, 160 1947) 58. hee 
H. Blattner, W. Kanzig — and w. “Merz er 
Helv. Phys. Acta, 22 (1949) 35. vid 
S. Sawada-and G. Shirane : J. Phys. ‘Soe. 
Japan, 4 (1949) 52, we 
Se A. F. Devonshire: Phil. Mag., 11 (1949) 1040. 3 
(13) W. Merz: ‘Phys. Rev., 76 2960) aT at: A 


a 


phenomena are known to us. 


_ tions of He® in Het. 


~ Boer() and Gorter(). 


be." with, the normal part of He‘ as proposed by Taconis and others. 
tions were done by Abraham, Weinstock, and Osborne(') for the range of concentrations 

- of 0%—28% and by Daunt and Heer(’) for concentrations up to 89%. 
Now theories thus far “proposed are mainly. thermodynamical, and it seems that 
_ molecular theories have not ‘yet appeared. We shall here investigate the properties of 
- the mixture of Het particles which. ‘obey Bose-Einstein statistics ae He? particles which 


: obey. Fermi-Dirac ty aoe ba 


yA 


The lambda point of He: —He? mixture. 


rs.” Attempts to interpret the properties of 
liquid helium by the theory of .Bose-Einstein 
condensation of Het particles have been 
_done since London’s®) theory on: the problem. 
So it will be interesting to interpret on his 
: line the phenomenon. of Jowering of 2- point 
with the content of He’. 


si 


are expected to be. comparéd with experi- 
' mental data owing to the fact that there is 
a: “many discrepancies | between the properties 


eof actual liquid helium and Bose- Einstein © 


“gas, where mutual interactions of particles 
-are not taken into consideration. 
Now let us make the following assump- 


tions for a mixture of Het and He’ particles: 


whose numbers we denote by ae and N; 
respectively. 
me. © A). The particles form a liquid = Hees 
by _cohesional forces, but each particle 
‘moves in a ‘constant average field. Though 
it needs work for a particle to get out of 
the liquid, it is perfectly free in the liquid. 
- (B) A constant volume is attached to 
each particle. The volume is assumed to 
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Gn the Lambda Point of He’ He Meares: 


By Aira HARASIMA. 
‘ ; Physical Institute, Tokyo Institute of Technology. 
fo (Read November 4, 1950; Received November 25, 1950) 


; Summary 
Properties of liquid detamn’: has long since been investigated and many interesting 
Recently it has become possible to obtain the isotope He® 
in pure form and a lot of interesting experiments have been done for various concentra- 
At first, ratio of the two components in the vapor and liquid ~ 
; phases was investigated and it was proposed by Taconis, Beenakker, Nier and Aldrich(”) 
~——s that ~below the 2- point He? mixes only with the normal part of Het. 
hand, change of 4- point with the content of He? was investigated both experimentally 


and theoretically. Theories of the phenomena were proposed by Stout,@) Rice,@) De 
Their theories are based on the assumption that He? mixes only 


‘be the same ie He! and He’, and in a.  fitsts 
approximation does not change with tem- 


Of course, only 
ar some. general features of the present theory - 


“No. being the number of the zero atoms | of | | 


‘On the other 


Experimental investiga 


\ 


perature. 
(C) In accordance | Laith the idea’ 
Taconis et al, we assume that He’ particle 
can move only is ‘the space of volume n " 
occupied by the zero atoms (super- party 
that is, in the volume . +e 
ae 
v(i- ww) 


He**. j ae “tt ery 


Let the number of states of energy : a 


‘of He! be G; and that of states of energy 
e; of He’ be G;, and the numbers of Heel 


Be 


He® particles in these states be Ni, Nj re- 
spectively. The number of complexions of. 
the whole system is 

= (Nite I) ie Gs! 
iso Nz! (Gi—1)! g20 Nz! (Gj— 


I cote 
We NI 


and the energy is 2 “at eae 
es rags SiN; 


* he ideaof entropy of mixing of He and the normal 
part of He’ is included in this assumption. The author 
thanks Dr. M. Toda for discussions on this point. 
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, a’ is determined by the, condition 


i /* 
G; ‘ . 
Regien 


in 4 
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(8), 


es the value oh) A minimum. No is 


- 8/2) = 0, (9) 


SN, SIN; are constant. The problem, tion (C) when N. varies. 


a ) | 


ly, we obtain. the ua ture of N, which 


He’ i eaticlde’ move, varies ‘by the assu 
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If He*® particles form ideal Fermi- Dira 
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gas, we have 
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4zgV 2 
(a Pek 


jaarery dp, g: spin - eee 


; 
d (9) becomes 


4ng Vv Si 
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dv=0, (10) 
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}e* hex ie fakes 
where a’ is determined by : 
‘ ai . ii 
2 ‘ 
dp ne 


TNS 
ea” +P2/ SmgkT" + 1 


x N;+N, 


ma¥( : (11) ? 
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At temperatures above the 2-point, the 


number of zero atoms is of the order of 


Gx while at temperatures below the. 4-point, | 
N.. becomes of the order of Ns and it 
becomes already large compared with Go 


at temperatures very close to the 2-point. 


- Hence, the ‘A-temperature Fieis ‘determined | 
by the equations obtained f from (10), and dy) 
‘by neglecting the third term of 00). We 


Put a’=—%, pa obtain 3 i SR ernie 
: pee AL 9 . dl ROK 

a ea ORS ra , 

es kh? N; m 3 mak i na(a)= OF ae 
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2 Fanta) Pieri) o> 
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Table I. Relation between &, and T) Qbag yse0.: 
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AS 2: anbda point of pure ‘Het. me. 


For x=0, we have, putting Ny! in pla 
of Aeris : 


ON, 


F(&,) = Venm, kT, )1°" 2 


Fu urther for e=0, that i is, for ordinary 
Bose- Einstein gas, we have 
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we have 


From (24) and (25), we have 
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values of & is listed in Table I. 
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a by Table. L ae a Soa method > we 
can find 7 from (31), and by (30) we have 
the value of t. We take & for an adjustable 


0.5 


So en 


‘Thick line; calculated values for pe =0.4. 
_© Experimental values of Abraham, 
Weinstock and Osborne. 


x Experimental values of Daunt and 


Heer, A ie oe 


; f Abraham, Weinstock and Osborne 


Introduction. eee 

Investigations on titanate ceramics Have 
hown that BaTiO, and solid solutions of 
Ba- Sr) TiO; and (Ba-Pb)TiOs. represent a new 
of ferroelectrics. In the (Ba-Sr)TiO, 
stem”), the Curie temperatuxe decreases 
vith the content of SrTiO;. On the other: 
and, in the (Ba-Pb)TiO, system), the 
se Curie temperature increases with lead con- 
, tataining about 500°C for pure PbTiO. : 


(5) Cd, Gorter, J. De Boer : 


Gen Seine and Kazuo. Suzvxt. aaa ee 
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ement is very satisfactory if we take 
0.40. ‘ Bae wi: 

The author must acknowledge hae in 
debtedness to his colleagues in the Tokye 
Institute of Technology and to a group oi 
friends in the Tokyo University for valuable 
discussions and criticisms. The cost 01 
this research has been defrayed from thé 
Scientific Research Expenditure of the De 
partment of Education. 
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‘An X- -ray sendy of é the phase chat ae 


ne? has been performed by 
Miyake and one of the authors, 


and a 
dilatometric measurement of the solid solu- 


tion of the same content was made ‘by No- 
mura and Sawada, Following their results, 
the volume contraction at the Curie point 
of this solid solution is much larger than 
that of BaTiO,. In the preceding pape 
it was reported that the phere tr iti 
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lead titanate is of the same type as that of 
BaTiO: , but is more drastic in several points. 

But it seems that no detailed investiga- 
tions have been made on the whole range 
of this series, especially on the solid solu- 
tions near the PbTiO; side. We have carried 
out dielectric and X-ray study over various 
compositions of this series, comparing them 
_with the extreme cases of pure BaTiO; and 
pure PbTiO;. Dilatometric and calorimetric 
investigations will be reported in part (11). 


§2. Permittivity Measurement. 


Following the usual. method, we have 
prepared the specimens of various contents. 
We have mixed BaCO;, PbO.and TiO: in the 
desired proportions and after the first cal- 
cination they were sintered at temperatures 
ranging from 1100° to 1400°C. The sintering 
temperature is lowered towards PbTiO; 
because of low melting point of PbO. It is 
difficult to obtain the well sintered matures 
when large percentages of lead are used. 

The permittivity of this series were me- 
asured on heating as a function of temper- 
ature, and the several-curves are shown in 
Fig. 1. Measuring frequency is 1MC/sec 
and the field strength is about 2 volt/cm. As 
seen in this figure, the Curie temperature 
increases with lead content from 120°C of 


PermittiviTy 


-100 0 


100 


Phase Transi ion in Barium-Lead Titanute. 
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BaTiO; continuously to 490°C of pure PbTiOs. 
On the other hand, the other two transition 
temperatures of BaTiO; , namely those at 5 C 
and —70 C, do not increase but decrease 
with lead content and soon go out of our 
measuring limit, —170°C. 

The phase diagram thus obiained is 
shown in Fig. 2. It can be seen that the 
Curie temperature increases linearly at first 
up to 350°C for (Ba50-Pb50)TiO;, then it be- 
gins to showa slight deviation from linearity. 
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Fig. 2. Phase diagram of (Ba-Pb)TiO; series. 
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Dielectric constants of (Ba-Pb)TiO; as a function of temperature. 
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Fig. 3. Permittivity of (Ba-Pb)TiO; at 30°C. 
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The linear part of this curve is in agree- 
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CE21) 


(101) (110) 


C2) (i2Z0) 


(Vol. 6, 


ment with former pulbications®@®, The 
Curie temperature of PbTiO; is some what 
lower than the value 520°C obtained by Waku 
and Hori.) 

As stated above, the solid solutions con- 
taining large percentages of PbTiO; are very 
porous and brittle, and the absolute values 
of the permittivity and the Curie constant 
cannot be determined unambiguously. But 
there is an evident tendency that the per- 
mittivity in the ferroelectric region decreases 
towards PbTiO; (Fig. 3). 

In the cubic region, the Curie Weiss law, 
e = C)(T—T)), is valid for all compositions. 
We have estimated the Curie constant C 
approximately and found that its vaiue 
does not vary appreciably, being always in 
a narrow range between 1.0x10°°C and 
1.2x10°°C. This result is in agreement with 
that of Nomura and Sawada"). 
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Fig. 4. Debye photographs of (Ba-Pb)TiO, . 


| stance i s larger than that of BaTiO,. : RG 
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formed an X- -ray study of caPgSiai struc- 


ire of this series over the: whole range of 
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oes 5. Lattice constants of (Ba-Pb)TiO, . 
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pe ecascnality c/a. increases gradually 


p= ae 


-of the unit cell volume. 


our interest in this’ problem and also to 


SS ie content ot PbTiO, ir iicbesves 


its change becomes rather steep towards 
‘PbTiO; side. It is I. 063 for PbTiO; . 
We have shown the volume of uni 
in Fig. 7. It decreases tow l 
_PbTiO;, and this result can be explained if 


_we take into account the ionic radii of Bat* | 
ion (1.354) and Pb + ion (1. 1A). In 


Bali Piles cr. soy 56 
eee 1? iol Mole (peveint th PLTO3 


Fig. 4. Unit cell volume vs. con 
position curve. 


decreases DB ceunaiied with the « con 
In this (Ba- 
is different. 


series,. the situation 


are shown in Table e 


Roh Ws 


§ 4. Sammaky o 
GL) Investigations | by dielectr ic 


of (Ba- Pb)TIO, s series. 

(2) The-axial ratio c/a of t 1 
increases. with lead content acco 
with ‘the rise of Curie temperature. 

(3) The other two transition poin 
BaTiO. are depressed with lead conten 
: In conclusion we wish to express 01 
sincere thanks to Mr. J. Hori for stimulating 


Professor S. Miyake and Professor Y. Takagi re 
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‘Table I. Lattice parameters at 30°C. 


Short. Notes. 


; : ; : l unit cell volume 
% of PbTiO; | c-axis. (A) a-axis (A) ! cla | 3 

BaTiO, 4.019. | 3.985» 1.008 63.82 

5 | 4.024 3.981 | 1.011 | 63.77 

10 | 4.026 3.976 1.013 63.65 

25 4.041 3.966 1.019 | 63.56 

50 4.058 3.940 1.039 ; + 62.99 

75 4.086 . 3.921 1.042 ra sy ko 
PbTiO, 4140 | 3.804 1.068 | 62.69 


x _ to Mr. S. Hoshino for his helpful advice on 

our work. oe mae 

ni This research was helped by the research 
. grant of the Ministry of Education. 
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On the Electret. 
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University of Tokyo. 
(Received, April 15 1951). 


? In recent years, studies on electret(!) became 
\ again active, and various interesting papers began 
- ‘| to appear in current literatures. The present 
_. author have initiated) the study of the problem 
Sie some ten years ago, gnd although the results are 
Still of preliminary one, it seems desirable to 
«report some of them at the present stage. By 
_. saying electret, we mean Eguchi’s electret, the 
. mixture of carnauba wax and rosin solidified from 
their melts under a Strong electrostatic field. 
Hie It is of paramount importance at first to 
answer the question to what component of the 
substance the effect is mainly due, because the. 


\ 
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Short Notes. 


materials used in common are by no means pure © 


enough. For this purpose, carnauba wax was 


separated into (I) free wax alcohols and (II) esters © 
(mainly melissyl cerotate) free from free acids 


and wax aleohols; and rosin into (ITI) abietic 


acid and (IV) more volatile resinous substances. 


The above mentioned substances or their 
mixtures were solidified from their melts under 
the electric field as usual. 


rays, the sample was mounted on the movable 
electrode EF, (Fig. 1), The fixed electrode E, was 
connected to the electrometer. 


as near as possible to the electrode E,, which 
was connected to the earth through the earthing 


rod R. It is essential to take care, lest ‘the 
surface of the sample should touch the electrode — 


E, in order to avoid the effect of the frictional. 


charge due to surface contact. Then E, was i 


JicPhys: Soest 


J . Phys. Soc. 


After the surface q 
charge was nullified by the irradiation with K- _ 


First, the ele- — 
ctrode £,, with the sample on it, was brought. — 


¥ 


; 


“ iiiavided | in Table I and Figs. 2 and 3. (I) 
* howed the largest effect, the time of recovery, 
jowever, being extremely short. ‘Mixture ae 
oo) and (II) or oy) also recovered the considers 


* Table I ; 


‘acces effect 


) \ 
no 
Iason bate ee small 
medium 


me ve I+ neat ae, medium 


_(1) For general references see: 


in due a on n Ba which i i s rop 0 tional to the charge 3 eee is now under progress in our. labor: to: 


ape: Ng. a group in Scientific. Research a t 


aa ; 


be extemely long potdwided: with that of ale oh 
which fact explaining” the permanency « 
electret. 


_ reported before. Even the dlceteae pr p: ; 


ten years ago, gave up considerable amot 
‘the charge by heating. Vanote 

' Recent experiment by Dr Ss. Koii 
his collaborator is of much interest. in 


the experiments in “detail. 

The author expresses his Sea titadet iy 
Emeritus S. Nishikawa and S. Kakiuchi 
interest and many: valuable discussions 
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On High Frequency Power 
Loss of Dielectrics. 


By Ken’iti Hicasi and Yasumoto OZAWA: - 
Research Institute of Applied Electricity, 
Hokkaido University, Sapporo. 

~(Received April 26, 1951) 


* “In text-books" of dielectrics, loss factor, or 
sometimes loss tangent, has been taken as a 
measure of power loss, or of the rate of heat 
evolution in radio heating. In the present note 
-we wish to point out that such a practice is apt 
to cause unnecessary confusion and lead eventually 

to misunderstandings of the true mechanism. 

Since the Debye’s theory of dipole rotation 

came to be regarded as a useful principle in 
interpretating dielectric phenomena, a fallacy 
of this theory has appeared :» a polar substance 
generally absorbs selectively the electrical energy 
of a certain frequency. This misunderstanding 
of the theory appears to rest in the premises (1) 
that loss factor (or loss tangent) has an optimum 
“value at a frequency; and (2) that power loss is 
_ proportional to these quantities. 

The second premise is misleading: power 
‘loss -P is related to the fizld intensity HE, loss 
factor </’, tand and effective condnctivity o by 
the following equations. 


P=|Ei o 


2 


And these dielectric quantities for an ideal 


pit Debye’s dielectrics are plotted against angular 


| 20.8°C Jackson 


Conductivity o(v ¢m-') 


Short. Notes. 


. Fig. 1. Dielectrie quantities «’, e”,. tan 0} 
and o of a representative dipole liquid (water). 


frequency » in Fig..1, There is no peak in the 
conductivity-frequency curve, and also none in 


power loss, provided the field intensity is indepen-. 


dent of frequency.» 2» 

Again we may refer to the recent controversy 
concerning the electric behaviour of methyl 
palmitate. In 1948, Jackson and his co-worker® 
found an anomaly in tané of this substance and 
discussed the possible types of resonance absorp- 
tion in dielectrics, although he showed a more 
cautious attitude toward this hypothesis in. his 
second letter.» In 1950, Cook and Buechnan® 
referred to resonance again as the possible cause 
of the micro-wave absorption. However, this 


series of disputes might not have occurred. if. 


they had used conductivity instead of loss tangent 
in their discussions. 

In the lower part of Fig. 2, the values?» of 
loss tangent of methyl palmitate were plotted 
against frequencies /, while its effective conduc- 
tivities are shown in the upper part of the same 
graph. It is to be noted that in contrast to- 


Fig. 2. Loss tangents and effective conductivities of <methyl 
palmitate plotted against frequencies f. Eat) 


sree eset ime, tye od 


ee a | 


; “We may take Frohlich’ 
ance absorption. 


sandal 


ye formula for reso- 


1—tw,r 
1—21(0, +w)t 


Latent 
1+ i(o.~e)e 


‘). (2) 


fe 


_ provided that 0,7 >1//73, where tisa relaxation 
‘time (see Fig. 2). At a glance at Figs. 2 and 3 
it is evident that the observed phenomenon is 
- related to the condition that #,c > 1/73. 


_ maximum at ox It, 
peonaition, for the Debye’ s type absorption holds. 


£ ‘ “Angular Frequency (*/s,) 
~. Fig. 8. The relation between effective - 
_ eonduetivity and angular frequency . 


(yea ea 40, 10 
(DD) Aion =" 5 1% 
(c) Oot = 1/ V3, ” 


deisa quantity borcrendent of frequeney — 
“ee Frohlich). | ts 


It is apparent therefore that one should not 
Eeesk of resonance, even if he finds a maximum 

5 jin the tan 0-f or ell af curves. — 
- In conclusion, it is to be noted that high 
ie ‘frequency. conductivity 
- measure’ of power loss in the high frequency 


ut absorption. 

+ We wish to. thank Chaat Professor eS 
eee his help and encouragement, Our thanks are 
also due to Professor Jackson of London, Professor 
Frohlich of Liverpool and Professor Kakiuehi for 
- their. interest in. He work. 
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is not* only’ a useful — 


‘region but. also serves asa criterion for resonance , 


beet 


And it ~ 
- follows from this that loss factor will have a 
- 1.e., approximately the. 


. number", 


ele « can be proved from this that conductivity has — oe 


a Thayimum near the resonance frequency, @,/27,. 
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On the Shape of Radio-Freaueney 
Spectrum. we 


By Seiichi SUEOKA. 


Institute of Applied Mathematics, Second Fain 
of Enginnering, University of Tokyo. 
(Received December 5, 1950) 


The absorption shape of the radio-treayctey: 
spectrum, due to diatomic molecules, in th 
nuclear magnetic resonance method has ‘bee 
discussed ingeneously by E.-T. Feld and W. E. 
Lamb in the case of large rotational quantum 
The essential points of their treatment 
consist ‘in the following simplifications. | ; 
first place, they regard J, the rotational quantur 
number, which is assumed large, as a classic 
quantity and thus treat mj /J as a con 


tion line at a definite w;. \ 
- Therefore their result appears to be. ee a: 
ficient to apply to the case when the statistical 
means for J are to be taken or the half-widths 
of the peaks are to be considered accurately 
In order to study these points, we obtained mor 
accurate results, by summing up the transitio 
probabilities, belonging to a same nuclear transi 
tion but to different values of m;. In- ‘th 
following, we use the same notations as. in Lam 
and Feld’s paper. 
In strong magnetic field, the Hamiltonian is 
given as follows: ‘oe 


A = wg A, D)+ 97H, D+HQ), 


and the quardrupole term H(Q) is regarded as 
a perturbation. The first-order values of the 


- above enerey in.m;, m7 scheme. are given by 


Em, m7) = Aegan Mgsmy 


fees es 
A AF OT — 1 12I— yom TE+ 13m Rar 
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Then the frequency v» mr) corresponding to the 
transition 4m,;=0, mz my;+1 is obtained as 
follows 


Yn,(ma1) = Yybam,;’, 


“where hy, 3 4g1| H| -ZII+)), 
a“ = ge’qQ(2m7—1)/4.J(2J—1)[(2I—1). 


The probability for the above transition at 
a definite m ; has the following form which is 
' already obtained'). 


Pfr — ate 
2 BES 217 , 
eG ities ANG le 


where b is the matrix element of the oscillating 
part of the Hamiltonian and is given by 


b = “,97H.! ¥ I+mp)(I—mr+}) /2. 


The shape of the resonance spectrum may be 
represented by the following function Sm.) which 


corresponds to the shape-function of Lamb and 
Feld 


me 
Sxm:) = Pm mr my—1)- 
th 


' Here we may neglect em in the argument of 
' sine function, assuming the quadrupole moment 
- as small; then we have 


S7.mz) = sin? xt[b?+ v—»,)"]'2.¢7, 
t be? 


ag ee B+ (v—yy—am?)* ” 


Especially, the summation can be performed 
easily for the case of J-- as follows : 
eer 2D. 1 
opti 2x ee i me eerie atl 
abr Sinh2mz 1 sinh 2rz__ 
i) % cosh2nz-1” 2 cosh2nz—1 if 
where «z* = —(v—»,)—ib, Z is conjugate complex 


Bt to 2. 
; ‘ x Thus the final result is obtained as follows: 


b 
Gn = DY reremnr Cale 


. where ; ie 


Av) = Bsinh x—a* sin(B/x) 
: «(cosh «—cos (B/x)) 
and f 
' 7? AE el | 5, 
i B= 2p 5 = FV PEO —-W—¥)}. 


” The function: ¢.. has the resonance at the point 

y=¥, the first factor, which is the usual resonance 
. function.. On the other hand, A(v) represents the 
amplitude which depends, POW or EY on »—v). ‘One 


Short: Notes. 


‘Theory of Infinite erin: P. 314. 


has therefore to take the effect of A(v) into 
account to discuss the half-width of the peak 
accurately. A(v) for the various values of B are) 


Fig 


n X (cok x= <8 (B/x)) 


~ , i 
| Acs = BEA eas ia 
t x's Ere" v-nit 


— w-w)/4 


i 

3 

4 

: ; 
a . 
‘ 

5 

a 

4 

~ 9 

ie 5 

(v-m/ q 

5 

aa 
obtained numerically and are represented in . 


Fig. 1. The figure of c., taking into consideration | 
of the first’ factor are represented in Fig. 2. 4 
From these, we can obtain the half-width of the ~ 
resonance peak easily as follows: 


2-16 for B=1; 1,756 for B= 0-1. 


Here we should notice that the resonance peak — 
is displaced from the point » = »,, when the value — 
of B is taken 100: or 10. This may be due to the 
roughness of our approximation. This may be 
corrected by taking the summation over ms in 
the range of finite J. 
The total absorption shape is obtained by 
summing up the possible m/’s, that i is ZB Simp. 


The author wishes to express tia: hearty 
thanks to Prof. T. Yamanouchi for his kind en- 
couragement throughout this work. 
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loise of Pre-Breakdor y n Current. 


brig vind KAWAMURA. and iteaiat Onur. 


- ‘Department of Engineering, Osaka a 
a University, Osaka. 


where RF is the input resistance, and ip ‘is the” 
thermal fluctuation noise of the resistance 2. 
ty and 77/n%, measured at 600ke for various | 
specimens, are shown in Fig. 2, where the ordinate \ 
. is the reduced voltage, whereby the breakdown | 
A Received April 16, 1951) A \ voltage is taken as 10096. 
pl The ae breakdown of solid was inter- 
preted with ‘electron. avalanche for the first time 
by v. Hippel. According to the theory of Seitz,” 
“even in the pre-breakdown. region, there are 
electron avalanches which ¢ompose the pre-. 
breakdown currents. Such an exceedingly noisy 
current in glass at the pre-breakdown region has 
been studied by Haworth and Bozorth® in 1934. 
i Our present specimens are transparent Indian 
; micas about 10-%¢em in thickness and a, few mm 
square in- area, on whose. surfaces. Sitar 
films of about 1.5mm diameter was deposited by 
evaporation in vacuum. The specimen was 
; inserted between two habanero’ electrodes 
of about 3mm diameter and the whole was coated 
with eet as a ahown in Fig. la. | , 


ie 80, © 1.80): 
reduced voltages in % ——» 


Fig. Deine : ie 


Be: eee Wd Fig. L ae: it seems to increase slightly at: Frequencies lo 


than 100 ke. 


“High malta ees up to breakdown limit, hich ° 
‘were around 3~5 kV, were supplied by an ‘elimi- 
Pimtor. Direct current through. specimen 1 Was 
measured by a galvanometer G. The square of 
fluctuation current i was measured simultaneous- sai 
ly by a micro-ammeter A, asthe output of three > | 
stage resonant. amplifier and quadratic porno as 
eepwa in ‘Fig. Tbe aesh 7 3 RaPEr se 
2? 


The maximum gain of the amplifier was ‘about 
110ab which: could be decreased by an amount 
of 60 db. by step of 10db. The frequency. of the. 
amplifier was varied in four: steps, 28ke, T0ke, 
215 ke, and 600 ke, by changing the coils and con-. 
_densers in the reson antcircuits. Mead oe 

If the avalanches are composed of n Beaten 
in the average, the current flowing through the ve 
4 specimen. is given by 7, = evn, where BP assthe./) ae frequency in ko ——_, 
umber. of avalanches per second. The average % Fr 

; ip. 3, : ee) 
size of, the avalanekes can Be: given by Sean 


y Be 


“1 


noisy current Th 
os ay 


10-* em thick, we can. ‘obtait 1um be 
the : size of the Eide wen at the 
which coincides fairly. well with: our 
measurement. a ak rang ry. 


te: 


oa a te. seende, _ We can Eobid ‘this aie D A. von Hippel: 


ry cleaning the surface of mica by exposing - Js Rope F. Seitz: r Piya Rae a 6 pe 1945 ya 26 6. 
glow discharge before the evaporation of the - BABY EF. EL “Haworth, R. M. Bozorth 
iamini | electrode. Nevertheless we. cannot 5 (1934) alive 
the scattering of the measured pointe. at Pit 4 Lo ‘Schoenfeld Ama: d. Phys, 


On the Scattering of fie ‘Neutrons from i-D 


By T. Wakatsuki and K. Sugimoto. 
Sz Paves Soc. Jap. 6 qua. 157. 
Haracns dined bo a shouldbe read 96% The 
ek eft column neg 26 na a fekestrokss ts . electrodes — ' 
Formula ts Ser Ae Carma DA 131) 5 ee ea kae ste ee ee 
(2,841,925. Alts) 10-12 SUNS A) 
ht column line 3 4 6,65 x12" 


: “time to time e daring experiments ee the value of f about 6%" was ob 
Cae 6th column line 10, 64.2412 . should be read) 84.2412, 
6th. column. sine 2A sy Pain anita Nee RSC ype eat 64.2 
6th column line BL 4. BOE Ra: rd toy, a 5 - EUW et 
"th column line 19 3.1640,19 °° | a B16 40,10: 
8th column line 24 + 4.89-02.1 ae we eae 8940.21 


i and Fig, 2 must be interchanged, and the Uk fe coreg to, Zn 
ang both Leshan j . 
Pr a0 ; 
Ti and Zn | 
~ show » ' 
left column line 2 ‘ .values. 
‘left column line 2 — have 


‘ _ Explanation of Fig. 2. ah 441. 6ANS 
‘left column The sentence from line 27 to 30 must be Beane 
i right eolumn line 13 Nha ty ON a should be read 
left column line 8 hs ase . iti 
right column line 1 (195), 19 


nae, 


within | ne experimental error. 


g1. ‘Antroduction. ia 


conversion coefficients of ;-rays. for K and L 


‘shell, a:/ax, are sensitive for the multipole - 


‘In 
heavy elements, however, these ratios are 
equal for electric dipole and quadrupole 
‘Yadiations, — so. far they are very hard. 
Hulme, ® for example, has found the 

Ons? ax=1: 6.7 always in extreme- relativistic 


order and the nature of a radiation. cy 


me 


lipole t radiation of iv=7.210°eV. According 
to Fisk,“ this ratio for. quadrupole radiation 
emains. practically be eee down to hv= 
a2 x 10° eV. oe ee eet 

Ellis. and” his coworkers‘? performed, 
ears ago, a precise | “measurement of. the 
nt ensities of internal conversion lines of RaB, 


> They” determined it 
rom - ‘the: fe ialening: of photographic plate. 
Their experimental values of the internal 
sonversion coefficients, ax, for three intense 
. ays ‘of RaB seem to be definitely higher 
an the theoretical electric quadrupole curve, 
and ; nearer to that ste poagnr tie dipole 
adiation.‘ ee G 

=a According. to the theory, the RATIOS of 
the coefficients of K and L conversion @7,/a«, 


i 


quadrupole, and magnetic 
But the ratios obtained. by 


ectric dipole, 
dipole radiation. 


Ellis: and his. coworkers deviate largely from 
the | aa aoe : 


A Note” on the: Picteises "Gf the internal Conversion 
Lines’ we the Three Intense +-rays Ee RaB. 


He it % A em By Seizaburo KAGEYAMA, 
‘Falta Physical Institue Tokyo University of Literature and Science. 
esas a Vk f ; - (Received Decerss 12, 1950) 


The polite intensities of internal conversion Blectrons of 240,.294 and 
350 KeV y-rays of RaB and ratios of those for K and L energy levels, - 
ela, have. been investigated with a magnetic spectrometer of fair 
resolution and G-M counter technique. _ 
Values of ¢, obtained are in accord with ‘the results of Ellis and 
Aston. but those of «,; and ay are slightly different from their values. 
agreement between observed and theoretical values of «x/az is satisfactory 


In light elements, the ratios. of the internal ; 


His. formula gives @r,;:4x<=1:7.0 for 


[fo 


owever, are expected | nearly equal for. 
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and coincidence eben method with 
counters. The ratios of ne internal ss 
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Fig. 1. Natural 8-spectrum of RaB anda partofRaC 
\ (without recalculation. for equal interval of Hp). 


fined were absstaicly: measured by 
zal values seemed to exceed hay experi- and Scott.“ The difference ‘of Ho. value F 
But it could not be attributed between K and LZ; conversion lines of 350 KeV 
effect ‘of scattering by mica: window. . 7-rays was precisely measured by Ellis and_ 
- was found to be 361.4gauss.cm. On the basis. 
of these values corrected for the retardation 
of electron in the’ glass wall of Rn tube, the 
Ho values,.of the conversion lines lying in 4 
this region were calculated sO our relative ; 
_measurement. BI cea Os Poe 
The sensitivity ‘of. the "galvanometer 
system was about 5 gauss. cm. ‘per. scale » 
division. Observation records. were usually 
taken at an interval of one division - in 
_ continuous region and 1] [2 scale division nae 4 
the - conversion — peak. 1~2. 10* ‘counts 
continuous region and 4~5: 10* counts grout 
the conversion peaks. were recorded. 3 
_. To minimize the effect of the scaitenue j 
by mica window, a single GM counter having 
an entrance slit of 0.4x 10mm? was used as 
detector and mica foil of about 0.5mg/cm? ) 
was served as the Separator of counter and | 
vacuum chamber i in the main experiment, A - 
thin window’ counter. with LB holes of 0.8mm 7 
In diameter and a mica separator 0.3~0. 4 
thick was also used for checking the absorp- * 
tion effect of the foil in. lower energy region, "7 
Rn up to 100mc. sealed i ina glass ampule : 
was used as the source of B- rays, the thick- . 
sa ara ahd ness of ampoule being about 2.7mgjcm?. A 
tural p- -spectrum of RaB ey a part of RaC 32- “scaling | circuit of vacuum triod s UY 
ecalculation for Pal interval of fou - served as. the recorder. oy id 


‘§3, Experimental Results. 
>. The: experimental ‘results are 


yen heat’ of 240 Kev - Yr. rays, but . Se 1-4 and also tabulated in ’ 
is. ee case in x conversion lines of * 


ie, ai “We: have re- Seatninen the internal con- 
sion lines of RaB T- rays and studied 
near ‘the conversion pals edge? the ener. 
y NRA 3s the. corresponding T- “rays in Kev 
o letters K, L, and M, indicate the 
_ the conversion: line. ; st 
_ distribution i in Ho 
. interval of Ho. he 
ed i in the previous paper.“ The strength of 
_ magnetic field was determined only relatively 
through exciting current and the deflection 


of a a glavadometer coil which was pepe nied 


Table Ya Relnwve intensities of conversion 
electrons of sine ‘three intense RaB. yrays. 


ies: of Conver: Relative intensities 
“aed in | sion | illisand | Present 
sKeV_- |. -level” | Aston. ||! Water’ 
Dee 2AO ae EI a lets ARG iS! ALBERS": 
Aer Br) i Fe cs ps Meas 30s a OR 
a aercice tres laa aaa Kuna Ee 178 
Re ZO ne Ro Peo ABO "480420 
Iai vaee Ieaae ene ee TSE 5 
ENG a I) ors Gc Oy We Maan) 
Pee SOU ee ae Reese 2), POBOLS 540-20 
Perper Mn KS INds pen ty 42 SLs BOE A | 
a EE a ae ea ema cine ay 
EE COO ita, Ree tlt dO: pil 40 
- “Table a Pos of ue dtecnal conversion | es 
Se _ coefficients of the three y-lines of RaB . 
e- ay ehh: for different energy levels. a 
‘Energy | Slt Fee, oe eye. 
of | Bilis Tika BUSCA aera 
“‘y-rays a it Present ee, |. Present 
in KeV | Aston ter _Aston_ 7 Titer. 
240 | 0.412 |,0.154:0.015| 0.03 | 0.05 +£0.01". 
294 | 0.13 | 0.15:-0.015 | 0.02, | 0.05 +0.01* 
350 | 0.16 | 0.17+0.015| 0,08 | 0.055-0.01 - 
ByEOGN biG. 0.22 [01820015 | - 0.04 | 0.07 +0.01 
; pei: a le Der TS har 
ae en y fy i i .. < Ry V ‘ 


; “included. misc eate s 
"Discussions. 

q “The continuous B- ray Beri obtained 

accord well with Gurney’s” 


pectrometer, however, the conversion peaks 
f L, and M,. of free intense y-rays were 
ompletely resolved from ee other in our 


experiment. 
: Owing to the high resolving power of our 


Fig! 3x Conversion Beake on ee 29, : 
ONS 1,350, M350 and ae ik 


tae the iatcneity of main dine will ar 
ee ee error in the erie of 


fond to a somewhat larger. eae 
The differences seem to exceed our | 
mental error. As for the origin o 


faite. Ss a 
—@) the scattering by the mica window of 
counter, fr 
(2) the straggling of -particles of: Jo 
‘velocity in the glass wall, Reyer, 
(3) the error -in estimation of the area 
under conversion peak. cn 
To suppress the effect of the scattering, we 
used a single counter for detector, as already 


4 


asurent with a thin window counter having 
ica film of 0.3~0.4u in thickness. The 


: of mica may be entirely bceieek in the 


es of L,294 and Z,350 against K606 
und unchanged within the statistical 


ae 
-. laa Mead 


‘the gexec had. due to the caps 


wuld have ehangel with thickness of 
Pills But no difinite variation or 


of the conversion lines was somewhat 
r than before. The error due to the 


eed A~5 %.. From the above, English 


s of weaker lines. 
‘bl kening of the plate by weak conversion 


und of continuous #-rays. 

Conversion peak of L, 257 seems to be 
ompletely masked by the tail of K 350. 
The M,240 conversion peak is superposed 


r in the estimation of its intensity will 


ved becribed in. Br “Moreover, we peceated! the. : 


t of absorption of electron by this thick- : 
compared with the result of English authors. 


sion electrons which we could not find out 


“examined carefully this region, but the foot 
“no trace of N,294 was found. So we con-— 
cluded that even if there were superposition _ 
small. The area of this peak, tabulated in q 


tensity of M,294. tp a eee 


will also be large »: as ‘is in M,240. But 7 we 


‘2 may be estimated from its height, but its. 
error will be large. No. trace. of ‘N.294 
of aia low energy B- particles in the 


las Baste of 3.85mg/cm’, although the 


ent. But this error did not eertainly 
‘The estimation of the. 


will not be easy under the strong back- Lm 


‘sincere, aratitudes to I 
the tail of the intense peak K350. So the — t: 


M,: 294 conversion naa is Aries! as intense ‘as4 


This difference, however, can never be- at- 
tributed to the superposition of N,294 conver- 


as well as English authors. . If N,294 conyer- 
sion peak had so intense as would explain 
such large difference, as in the case of N,350, 
the foot of M,294 would have extended about 
15 gauss. cm. further on the right side. We. 


of M, 1294 accord completely with the calculated 
value within the error of +2. gauss. cm. and 


of N,294, its contribution would be very — 


Table I, therefore, gives Sardine the in- 


M,350 conversion peak is not completely | 
separated from N,350 conversion peak. ‘So. 
the error in the estimation of its intensity 


believe that the i intensity of M350 given by. 
English auth: rs is surely ‘too large and the — 
value given i Table Ii is more exact. — ek ae 

‘The intensity of N,350 conversion peak. 


‘and 


N,240 was detected in our experiment. “Al 

The region from V,350 to K606 was 
studied only roughly, and so any conversion 
lines of weak RaB and RaC is would 


have missed. 


weak. Be ai, 
In. conclusion, the 


to ahs an apanese F pundation’ for Cances 
e search for the supply of radon through 
Dr. K. Tsukamoto with helpful interests, and 
also be RSH of Education for financial 
: eS age = 
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ei The Second Vinal Coefficient of ‘Non-Spherical Molecules. 


Taro KIHARA. 
Department oj Physics, Faculty of Science, University of Tokyo. 
: 7 (Received April 14, 1951) 


The Lennard-Jones model of molecules of spherical symmetry has 
been generalized to non-spherical models without sacrificing analytical : 
integrability of the second virial coefficient. The essential generalization © Pate 

: consists in ‘the definition of the intermolecular distance, p, the inter- 
_ molecular potential, U, being supposed to be a function of e only and 


oa ae (ey it n>m>3, 


n—~m 
As the simplest extension ¢ is defined by the shortest distance between 
s molecule cores, as which thin rods (disks) are adopted in case of 
“_ prolonged (flat) molecules. Next, e is so defined that the model becomes 
an. attracting spheroid. For these models the second ‘virial coefficient has 


(UO=t 


ae ane been integrated analytically and tabulated. The model constants have 
Bere y : been determined for He, Ne, bie and: CO. 


et 


si Introduetion. : 


= : “Potentials between spherically Spmimnetic 

“molecules - are approximated by the well- 

£ known Lennard- Jones” model : 

Gees: 7/4 \ = T. (ie oe ra) n 2 

es | sail 4.7 R-MN | : 
Ee | (1) 


n>m>3 


Se hare. Uy and 7% ‘indicate, respectively, the 
4 absolute value and the intermolecular distance 
of the potential - minimum. Concerning the 


index of the attractive part of the potential . 


: Sihe: value m=6 is usually chosen since two. 
2 sufficiently separating molecules attract each 
other. with a potential proportional to 7-°. 
a With” this” ‘model, 
second’ and the third virial coefficient, 
coefficient of. viscosity, ete. —are quantita- 


ao the same time the model cone a 
‘determined for each gas molecule. 


coefficient concerning the model can > 


properties of gases—the 


“mers are often approximated by rigid bodies 


(Orc 
narily . the value of z is previously chose: to — 
12;or, 9). 

One of the merits of the L.-J. model 
that the integration of the second vi lal 


achieved analytically. i 
The model has been applied also to such A 
molecules as Hz, Nz, COz and C:H. which are _ 
not spherically symmetric. This application, — 
however, is unsatisfactory, especially when 
we want to treat liquid and solid states 
making use of the model constants determined _ 
from gaseous data. be: 
On the other hand when high polymer 
solutions are treated theoretically, the poly- 


» 


he intermolecular foolantial: ing Holy. 
glected. For the osmotic pressure, how- 

, the attraction between polymers plays 
I mportant role. 
or these reasons it is desirable to find 


i 


1 estigate their aaeona virial coefficient. 
Re ently Corner“ has treated this pro- 
; He says in his paper, Coed have tried to 


" conditions of accuracy, generality 
It may be true that his 

in 

Fiaweten 

3 formulation can not directly Hen 


of polymer solutions we re assume ry . 
, Polymers are of the same ‘size. mat 


dt Siebanee between their cores. 


pein riMleciies are f prolenaed ; shape, 


C2Hy, C2H,, CTS As the core of our - odelt 
we may choose the thin rod connecting two 
oxygen nuclei for COz, two carbon nuclei for = 
C:H2, C2H, and Cc, ane ' Pat rare? een 
For flat molecules, bpnaiaecinane a thin $ 
circular disk as the core, we define ‘the 
intermolecular distance p, as the shortest | 
Again we 
assume the potential (2). When we apply 3 
the model, for example, to benzene C oH, we 


_ may choose to the core a disk which ap- 


proxomates the hexagon pees of six: 
carbon nuclei. B58 


ds Saetaeiaea™ EN Gia 
index of repulsive — ar 
n, absolute _ value « 


and baba sonchoeyiilaas ‘eipci W 


: will further call Po in Fig. 1; the ‘minor 


m, and 1+. the major axis. | 


__ For gas molecules choosing to be 121 


i bé reasonable. For sini poly 


“ core’ ’ of Tha molecule io define 

Bera ecu distance, ps as the shortest 

We assume 

‘the intermolecular notental | U, is a. 
ction of p only and assume furthermore 


aa 


: also to the solvent. 


" i 
S38. Tntessation’ of the Second | 
Coefficient. Pat a: 
The pressure of gases 1 
sure of. “polymers - in solution uC 


‘pressed in the oe 


iss 4 a nite ao 
70 1s ol 4 a ihe 
M=2 echt 
f le at 


and we, get 


by (0) =o? +9 


2 


: B= ve i -exp(—U Kaka te Bots Se. 
ce () denotes the ond: virial coef-  - Cteseriay Q and (4) into (3), we ee 
fic oe for rigid sphere with diameter 7: b)(7) for prolate case . 
zr/3. It is easy to understand that for — 


¥ our "model oe cules core- length I holds: the: ‘ : BUT off oF, @+n00" IF, @. 


4 


aul, @. aC 


where eas bal Hie 


: fibts bi (0) denotes the cea Fite coniiient R Fs (@) =f" [i-ew(-; ye ae 


iN for rigid spherocylinder with the core-length NANO EP i 


Bi: and the minor axis 0. nee being: definite, cake Grete weet | a aes 
0 being variable). SA epg RTE A ed tego a cays Z-) ae - 


According to Isihara®® ‘the eedond? as 
coefficient of any convex nee molecule is 


} ee Ze UleT. 'r 


i a 


ae 


“V+ tn) ‘Ms St 


he’ tga, OE the. esiecnies eeeeroaly a ES cai PEON. ene: 
Ss defined by the surface mites? al of the Meanie: if m eI a 4) eau a 
eg a ey je aed, 4 y ; m n—™m Sines . 
a a pede eo “Using 6) instead of ho we he 
“5 ds hs . oblate case 


3) 


» being the principal ‘radii of a Ades a ort poly Pu 


5, 


ext ae 4 ae POG 


4 


ota the case when m= 6 and n= 12, ni 


Sane" tn! 
: : sete ane the Rates of fF, 1B ane F, are giver. vin th 
fe UMA ee Cae left half of Table I. . 
ee b= vei Ms te | In the case when m=, namely 
ae , : uh (0 De Sep oio pine 


we have 
ot 


cA R@= cree sel Rion « 


- . \ t 


eeernihatok of Model Constants for 


$4 are. iv n in ‘the seconde 
as molecules. ; gi en - 


. ? a ake acai We take, furthermor. <pori nts to. 
; ae aim of this section is. to. determine 6 and n=12, namely w ese (10 ), : 
Having thus. 


MF we can 1 draw | 


Baie between hese ‘curves. 


. pre 


“Table” Tr 
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Mees 
cts = Eig. 2 ; 
_ SPHEROIDAL MODEL. 


$6. ‘Spheroidal Lennard-Jones Model. 


: Regarding” solutions of | high polymers, 
especially those of proteins, the polymers are 
- often ~ approximated by prolate or oblate 
- spheroids. 
molecules are the most r natural extensions of 
spherical molecules. It is desirable, therefore, 
to generalize the L.-J.. model from, spherical 
be to spheroidal symmetry and derive a formula 
_ of the second virial. ecomoent for the 
i generalized one. — 


thin. rod being assumed as the core of the 
e molecule, each molecule has ‘a set, of prolate 
spheroids confocal with the core. When two 


a molecules are in a certain configuration with 


- congruent and contacting with each other as 2 


In gaseous state also spheroidal 


focuses (ie. the length of the core) and by 
e the eccentricity of the contacting sphcroa a 


Let us first treat prolate molecules. A. 


f oe Spherocylindrical Model Spheroidal Model : see 
Pune tea i ai 

Polk » Olk Po Pot fe | £ Ud/k Po / P09 

He 0.744 |* 3.80. |. 39.4°K_ 2.81A 355A | 0.223 | 324K | 324A | 332A 

No. 1.10 3.15 | 124 3.47 457 0.260 | 101 4.09 Ags 
ph Stas 2184 30 F- | 266: 25) 4.0 BAS Sl <0,.27" 1216 4.8 5.0 + 
Be Ca) eh 22 Pe 278 3.7 59° |) 0.43 | 204 46°). | 50 ee 
each other, two sets of spheroids can be 


constructed. Among these we can choose Ys 
two, and only two, spheroids which — are < 


shown in Fig. 3 (a). Let the length of aS =: 
minor axis of these contacting ones be termed 
the distance between two molecules, 0. 


Denoting by 1 the auch petmene: twee 


we have the relation aN <a 
2? =P/(I2-+°). or aay 


For vanishing focal length, for /=0, our 
intermolecular distance coincides with the 


- common distance between the centers. 


Now we assume that the intermolecular — 
potential U is a function of po only and 


by). 
potential (yaa ae 
My ih BEAN eb 
For gas molecules choosing’ tol may | 
metas by ‘and consider a set of oblate adequate. | For high polymers in ‘solution 
s confocal with en disk. _ The diss may be convenient to choose N= 
idealize to attracting rigid spheroid. ey 


br ()=4VF (2), 


43 1 sin-te Ge. 
sont, +S (ges —e? & ) args pF alt ed 


is the volume of the spheroid oi 


v= veoh JP +e 3 iS prolate 
SPA ae bd arity ar obiate 


ak 


ae ‘Es “d- ene 


ae 


* 


¢ 


NER Oe eb ae 2d os 2461 
rey i cis Cosa othe 


me Te eae as ne 
| pees iets ae “a 


euteg ys Wea 
e)=1 ef 
or tbe tage tier 


serting ihe relation ay into pa we ia es 
t ee ; ' 


Shen ‘ i oe 


i Wise 


’ 7 
hw 


Bias Hee . 
“The right- hand side of a5) is aaeats to f (id), the expression pee 
h replacing & by id (¢=V/ —1), Therefore, from: (4), holds _ Mt geste 


ede 14 (+ ty-$(L ) sy we(E ; a & 


mie ie 2c Craare ~ 67200" > 1344007 


‘f a ui 


for oblate spheroid 


he 0, teak 2 foe hae 


ae 
yen = 
ae he Wins lenani Wea 


oe 


Table mM 


“Prolate Spheroid ; 


856 


40,4417 -| “p04t25 . fos046 | 
01083 01069 | 01040 | 
af 19 Bch 0467 | 
0825 pat 0314 ae 0300 | 

Porat Le) oe > bent ie 
0191 aa OBEN 0175 | 
ae Le ie OF SCN O1asY 
aia tiv aAcisoi (Moves: 
dy nee escola 4:0" otor" 


oN Coen a 
vee 


1 44.0000. | 74.0667 11833 | 
#012 0.20002) "ones |< 3.01810. 
909 | 0asg | ogo7 
me Biv OBea ht or Obba V2 cP conte) f 
NN ny ia ie tuet  iae eae mat 
me ng 0845, Me 9 Ci OgRa Le oo 30D 
0286 | 0268 | © 0250 
024g | (0228 0213 
Bp 21S 4° > 199% 0186. 
aoe OLE te 2s 0164 & 


/ ta) | 


Ly 


fo F,, . Ki=khF, heed sees 
Ke AU te eR sss: 


ae of F., © F, (), qtr ead 
he « case vaeGs m=6 and m= 00, (17) takes the following form ps double ‘powers “series: | 


B= on o> Sy S65" 


Though Ki, are rational numbers, ‘they « are 


a is maeh smaller than the BERR Ye 
- quantity of the spherocylindrical one.. et rom f 


“ a Ss hydrozen, nitrogen, ethylene and « 
“ ast 
DD 


Margenau and de Boer: oe dene 


The author wate to ane 
Isihara and Prof. M. rh for Ne: 
RAR: , ae are Lae 
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"The Effect of the Browntan Motion on the Viscosity of Solutions of — 


Macromolecules, I. Ellipsoid of. Revolution. 


3 ~By Nobuhiko SAITO, 
Kobayasi Institute of Physical Research, Kokubunzi, Tokyo. 
(Received February 20, 1951) 


‘La viscosité intrinséque depend sérieusement au rapport o de gradient 


de vittesse A constante de diffusion rotatoire de particule. La théorie de 


‘Kuhn, Eisenschitz et autres et celle de Simha concernant Teffet de 


mouvement brownien 4 la viscosité sont critiquées et une théorie nouvelle 
est donnée. La principe fondamentale est que la dissipation d’énergie 


doit étre calculée par le travail fait par la force extérieure contre le 
courant de densité de probabilité qui contient le courant de diffusion. 


Computations sont faites pour ellipsoides de révolution. Viscosités 
intrinséques décroissent monotoniquement avec croissement de s. 
ou-le mouvement brownien est suffisamment efficace, les résultats finals , 


Au cas , 


sont identiques a ceux de Simha. 
j j 


\ 


" §1. Introduction. shane rae, 


The intrinsic viscosity of the iiaoe has 
an - important bearing on the molecular . 


Fi structure and molecular. weight of the solute ~ 


: ‘molecules. Especially,- if the particles sus- 
_ pended in a solution are large compared with 
_ the solvent molecules, it is possible, at least 


ei in principle, to relate the intrinsic viscosity _ 


aah 


of the solution to the shape and size’ of the 
~ suspended particles from macroscopic hydro- 


a dynamical consideration, Accordingly since - 


the work of Einstein for spherical ‘rigid 
particles numerous theories have been pro- 
E posed > for non- -spherical particles. 
- consider a particle in a laminar flow. From 


- purely hydrodynamical point of view, a non- 


~ spherical | particle changes its position and 
orientation regularly by the flow. On the 


- other hand the irregular ‘Brownian motions,. . 


e translational and rotatory, join thereto. In 
consequence the ,above mentioned regular 
_ movement of the particle is disturbed by 
these thermal motions, between which the 


: totatory Brownian motion has a serious effect — 


on the flow property. The’ distribution of 


the orientation ‘of the particle is not uni-— 


- form and is: determined by a generalized 


‘ diffusion equation. This distribution function - 


brit: a steady staté is a function of o=g/D, 
_ ratio of the velocity gradient to the rotatory 
diffusion constant. Accordingly there are 
proposed several. theories” about the effect of 
the Brownian motion on the viscosity of 


solutions, among which we cite the following 


: the other té Simha. oe 


“Let us 


‘of aie molecules, 


sai 


Following the fone a 
one’ calculates the increase in the energy ¢ 


‘moment when it takes a certain orientation, 


and then averages it over all the orientati 


with’ the distribution function 0. In the latt te 
‘theory which deals, with the case of the 


complete Brownian motion, one first not 
the fact of the disappearance of the orient 
tion tendency of the particles in this 
and then one calculates the increase in 
energy dissipation by a particle atten 
oriented under some possible directions 
averages it with the distribution funeti 
p= =1/4z. ‘This theory cannot te 


velocity gradient. Compared with the e 
periments, the results of Simha” give ‘mo 


‘However we want. te 
point out that both theories are incorrect and 
to propose a new theory in the following. 


§2. Energy Dissipation iy Particles with ; 


Brownian Motion. 
Let us consider as a simple Scarnpie a. 


colloidal solution which is in sedimentation ‘ 


equilibrium in a field of ser AVIEAHON 
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4 


d random forces hich t cause the Brownian 

stion. Therefore the equation of motion of 

pee - particle is written as follows, x-axis being 
‘aken downwards. 


au 


hs fae TAO, ep 


at 


yang friction constant of the particle 
O is the x-component of the random 
ge g is the constant of the cabot 


t oeae (2.2) 


is . the initial velocity and B=f/m. 
erage velocity at time t;.in the en- — 


le of | particles which have the same 
al v locity uo is given by 
Wee i 
<u> = 218+ —alByer 
: we have generally <X (>= 0. This 
g ‘but the velocity which a particle 
ein the case without Brownian 
When ae and after reaching to a 


pe -2/8, ef) é 


gerne from’ Zero. 
pt the idea mo Kuhn et al. that the 


: is vie ‘that the orientation’ of the 
le is uniform in the case of the | com- 


i 


} 


In consequence we 


eee 7 be at eh the limiti 


spherical . particles. Let us consider once” 


‘more the colloidal solution in sedimentation — 


equilibrium. The distribution or the density e 


0 of the particle’ is determined by 


EL (e<u>—D- 5 


where D is a Ne diffusion constant ob 


. 


D= Bl KO < (ede : “ 


as 4 


and’ by the boundary Condition that the Weds : 
has a bottom, we have j=0 and the Sas 


equation is easily solved to;bes ‘ ee 
0=0o EXP OX u >9/D). 2. ) 


The essential principle of our theory” is) 


that the energy seaetons is to be calculated — \ 


against the current * the probability density 


a by Eq. (2. T). 


$3. \ Distiibution: Funetion of’ the ‘Orienta- 
. tion of Particles in a Laminar Flow | 


and the Current of the Probability : 


4 tren 


- Density. tear nied eet aS 
The original flow r pattern, in assumed 


feanstorrualion Veriece. het two | 
A= (ax) Fig. 1 and Table Des yay 


te ii 
ma i 


_ Table ‘ Components of A= (atx) 


cos ¢ cos 89 cos ¥—sin 9 sin v, 
sin ¢ cos § cos -+-cos sin w, 
—sin 0 cos, 


4 


—cos 9 cos 0 sin. p— sing cosy, , i 
~sin 9 cos 0 sin }-+oos ¢ cos, _ i) 
sin 0 sin, d Be i) 


Bois of the particle is determined by the 
following generalized diffusion equation as a 
function of the Eulerian angles 0, 9, ¢, which 


—B. 2) 


tg j= 0° —(eTI0) grad per 3 


ees: @ is the angular velocity of the 


the operators div and grad must be inter- 
preted as the ones in a Riemannian space. | ren 
Referring. to (E76). system, we have- 


_ cos Ban 
sind 0¢/’ 


AE aaa 
ae pind 3G ae 


feet (8 6 iat z nee 
aC ie Patan 
: on °=Jsing— pcosysind, neta 
che Wy se Neos esenosinl, Cy 
avt=btycosi, Uae 
— G=(gpl4) sin 20 sin 29, ) : 
-g=(g/2) +p cos 2) SEAR GR (3.6) 


oe  p=—@pI2) cos 4 cos 29, 
be Daas, — ay ){(as" 1,2), 
ee D is’ the ‘rotatory diffusion constant. 
- From Eqs. (3. .2)-(3. 6) o can be solved as a 
function of 0, g, and ¢ ($5). In case of the 
complete Brownian motion 00, we have 


ce s=(912) as;= —(g/2) cos ¢ sin 8, - ; 
@. 7 


f = (9/2) a2 = (9/2) sin? sin), 
me ies =(9/2) @s= i) cos. qe 


velocity g/2 around the z-axis, contrary. ‘to 


: 84. Complete Brownian Motion. 


‘is given by. 


“The aameytng baiciol: 0 Of the orienta- ioe 


_ determine the orientation of the pe 
me 3) a ee ; 
of the original flow in een, 


particle’ due to the velocity gradient of the 
flow in case without Brownian motion” and 


. These h’s and os can i expressed. by a 


Opis assumed that the number of particle “4 
them have a same orientation (0, 9, Y), a 


tion between different particles is neglected i 


_ These equations mean that the particl 
can be regarded as rotating with the unifort 


phe. S assumption. 


The hydrodynamical problem of the rota 
ing ellipsoid in a laminar flow was treated 
by Jeffery. Following him and using his 
notations, the velocity of the fluid at & y, z) 


Ue = Ue fe ee Hee 
| : ee 
t(G OF 


Se F-P IS, 


Un = thy —49 
+ (HW) el 
Ug = eee vel Ce 


+-4(F- Fy 


~ 


where oy ts 2 are e the coordinates of ee i 


w (146°, tn°, U)=AAGAS  ( 
eR She, ‘i cok 
Alternatively u° is written as follows, Bris 
we =hyE thinthyse +026 — 039 a 
= Mio € + Mean + Ios +03 — O46 | (4, 
use Its § +hsont hase. +09 — 02 vt ‘ 
Ny=Noy, Nyy =31, tog =Ns.. » iP 


In particular ae 
O 02, 03)=(9/2) (ds1, 30, dex) 


unit volume is and zo particles amon 4 
the concentration is so dilute that the interc 


‘Writing Eqs. (4.1) in («yz)-system ‘and 
calculating. the average decreases , of the 
velocities at the planes x=h and x=—h, we 
can obtain for the effective velocity gradient } 


Jert,> 

9—gers = ee af no Alt Bh Ch 
+(H+H Sas Gis +(F+F Yes 
—(H~H’)0,;—(G—G) 0,— (F-F) 0} 


-aQ, “3 oy 


5 


‘use of-the relation Tie. to Tetery! as S tottowe.” 
no} ay! Ines” + By! Ios? +70 "Ness “e hat ashen (n+ fa) 
Bo tl Tol Ao! + A TB ols Cares aya, Ag+ Gs” Eas 
(a,?—1;° a0! +(ao— To) Pe (a;>+a5° 2) (ox +00") ate 
- es O(a," Oo + 43° "r0) (sta fas On) + ~ yA +s To Aarne ao : Ae 
+ (as"—a;") os — (Ay +.45°)05. ae (@s ay Yast Car” +45 Beis has 2s aaa Df 
Hee, bik Ay Ag+a3 To aay +3°Fo Sut 
2 WE, Wy, and we are the Coiionenta of the angular velocity given to the particle. POLS, 
ong the line of thought of the author, j j defined bs Eq. (3. 3) pole be substituted or 


Ko 


Fi By Mog rol ha? ig he? his? Ae 

Ro ¥6 a. To!!! + ay’ Bo as a7 0! “olay? +43" eS : 
(as” —a?y (hs + Tos” 2) (To-Go) 

oy (@ Ga "(as Totay ho) wa: Tot 41"do i (hi “is0s)|40. 


rf t 4 Post 


hes specific viscosity sp is given by,?* 
\ te G- a gui s)9- 


ao 


v= =Terler 


it walt GR, Re pose aia oes) rae. 
oe 2a, “ao! o) ard yay" + as") sie + 3a; SAGE TRO ee 
Bighorn ae is 
“e ta “Baa2tae) (ay +45") (@s°Tot ar Go) ; 
Thy 


qd. 4, 10) is identical with fhe final result ot Simha Whose basic idea is auite different. 


I 8 2c cos'd- ae s0cost 


s i — = 0082 + pass eat +p rar id 3 (3 cos" — Dg 


-. 60 16 Lo°sin'o | 
si { ane Weld hie> <s 75% ee s 3 


_ Aer 2 ne | 
do aay | f O0° 9 sinogs 
fu yee fol {sine inte 


4 00 Re 24 git 
oI cos2 1S 
+09 2 = oe aca " 


shee rake no sin? m0 sin fad. _ 
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a * To use this relation means that the ener | a yyy 
gy dissi ation i s 
ow. See a foot-note in Part II, §6, p. 302. en AE oe i scaled lated 
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is of Macromolecules, Il. Rigid Chain Molecules.* 


By iNGbuHileo SAITO, 
Kobayasi Iristituté, of Physical Research, Kokubunzi, Tokyo. 
| (Received F ebruary 20, 1951) ; 


La théorie de J’article précédeat i, Saniaues aux icramolbeides en. 
- chaine. Computations sont faites pour les: pelotes— rigides complétement ; 
perméables pour le solvent traitées auparavant par auteur, ‘et’ les 
‘molécules filiformes rigides allongées d’aprés le modéle de Riseman et 
a3 Kirkwood. Les résultats resemblent a ceux d'ellipsoides de révolution. 
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where is the augular nce given to the 
~ particle, and it should be replaced by the | 
- current of the probability density given by 
Eas. (3. 4) with w® pana eS by Eqs. Q) of 4 
the previous paper.” Thus in the same way 
as for the ellipsoid of revolution, one obtains 
2a eel neclacn model?-® which finally 
ree draining of the solvent. For a : 
necklace model we have publish- _ [y= ae es psintBsin?2pd 
ation, \** but there we adopted © PR. PEAT oh 
s ‘method of Kuhn et al. forthe § pyp. sin’ ed@ Aira fe pcos” ed 
the: Brownian motion. Therefore S + 3Naf We ; 
o recalculate here. Details and + 500m F- ~P 2 D fs psin ‘sin2edo. 
uld Ae referred to thes aM ; pene i 
i iA) <, * This article isa ‘continuation of the are 


: one, Part I. Notations and equations therein: are ‘ 
the position of the 1th eegnhent cipenl alad cheat inctheet following. oo ae 
** This paper contains some ares we \ want a 
correct here.. My 
2nd eq. in Eqs. (9), 


Ist eq. in Egs. (0) 
Ist x in. Eqs. ay 


Pin 3 
Pade Rae 


Fol Ze He 
3rd eq. ‘in Eqs. () 


*Srd eq. in ia, (14) 
2nd eq: in Eqs. (17) we coe. C chen 
, TP+2LPREOR® 
Eg. (27 = 
(27) P= ~ 80(PER) 
aia as (6. a is derived from ; 


Re _ method. “As is point. out in Ne 
a (BX d ao 6 2) energy. dissipation is the work 


which is given by ' 
dW=- EF )= - kre 


heres v2" is the velocity of the fluid at 
This equation leads _ immediately to. 


—7OMag of 


the one in ‘refs. 3 2 and 4, where aWis 
the work done oy ee frictional fo e 


very analogous to Eq. (5. 3) for the ellipsoid 
of revolution. Using Eq. (5.1) for 0 with p= 


(Re P)(R+P), [7] is > expressed as a power 


i series Ong, 


Bs ck OPA ie 
Wee “IN “600M 


ole +27R? +76PR 
; 1260000M ~ 


“ie 


St. “Rod: like Chain Molecules. 


A f 
f. It has been shown that the frde draining 
model is not. adequate and several theories 


, h¥drodynamical influence of partial immo- 


~ bilization OL. tig ; solvent. However as it is 


difficult to treat the case of the most general 
ia pearl- necklace © ‘model as 
4 y section, we take. a rod-like ‘linear. chain as 
pea simplest example in which concerns the 


ni £ 


Re been treated recently by Riseman and Kirk- 
_ wood” (R-K), but they have adopted the idea 
of Simha for the effect. of the Brownian 


i 


motion. Therefore we will treat here again 
fe this': problem. Senna should be referred to _ 


RK. 


am Pactotal constant of segments is same for 
all land: equals to f. The force acting upon 
_the fluid by i-th segment heir ces 


iF =f(o: x RiJ—u- = “aan ik Beh, ee 1) 
a SERRE (RR) (Ri-Rx) % 
4 arraera RARE ss |Ri—Re|° 
“$ Nia is 000. 


@2) 


we he bil (0 00 0), 


wh at /-th segment (Eq. 8.1), b is the distance 
q between consecutive segments, and @ should 
be substituted by Eqs. (3.4). 


4 taken as ¢- axis. It is easily shown that the 
_ angular velocity w® which this rod-like chain 
would have in a laminar flow under the 
_ forces, Eq. 7, 1) without» Brownian motion is 
the same as: the one for a compact rod and 
lis. given by Eas. MS 5) with p=1, 

Pe  w¢° = = Gden4ss, oy "= Jerre We = J t99/2, @. 3) 

: ‘Hence. Eq. (7.1) can be written ‘separately in 
. and & connate as s follows, 


acket i is the previous result, Eq. 6. 4) is 


(65) 


have been developed taking account of the He 


in ‘the previous 


, rotatory Brownian motion. This model has er 


In the following it is assumed that ihe es 


ual ui? is the velocity of the eae i ; 


Bq. (2) for): 
Tie is: written, in (E70) -system, rod-axis being _ 


* ae : 
2 | Fin =6.00N ! 
Sf ulx)=Cux : 
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A (c08¢ 3p heey op ) 
| foD Oo | sind ae 
7 (site 5g sind. 00 
—fbgarsd1s. 
; : _ (fori =i) for € andy 
Y/Annob= hoy, TOV CAC 
oe 1(x—1) os Walger 0, 
K@p= SMO Zt Zeveb oO, 
Ofer) #40241 Z1, 
~ 0=1/N, ile 
- Because of Annes 
: — hs w(s)de= 0, 
eS ‘ctegtar equation is saived: 
result, 
SI BLED, ; 
so= 3 te = PCa [m) 


ay Ae )e 
Ae 


~ 82% Kea b[1—RI 
me 


Fre, 


cosy do \ 
‘sind dy $4 


} df +0 1 
nS sik VBpgeeee Acta! 
; 5 Ai 


RD fakin, OF 
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Fes, 


f +N 1 
$US Ae 
Cis (Rel = bl Lae 


Pig = —fJassQr3€ 1 ~ 


mated by the integral equations, 


@D=fle—A af Kx Doa(Oal . a 


+0 
fe oe Hoek rene i 
Pi sea Yilnk= —fx, 

Ci(x) = a pcos iy! 


he. 


Z (—)¥sin 2k a 
bulx)= 26,3) = aL Ci) \ (7.8) 


Bean 


using Eq. (5. 1) with p=1, we have finally 


j= Naf NO 9 dQ 
4 15OMate [PG a) fosin sin’ycos* () 


ee +2 FQ?) f psin*dsin2ed2 | (7.9) 


SERN a: 
=e panics) 


“that Eq. (7.9) fonds? to Eq, (6.4) with 
0, R= -(2/3)ab°N* and Res 


fin Eq. (6.4) =f (in Eq (7:9))/"04. 


a of the complete Brownian motion 


n= 14m, we have 


800 ‘i: c 26° us Cr pede ra 
: G20) 


a oe 


a an averaging procedure, 
ive. here the results without this: 


a ions Z=2N. @. ) 


"perpendicular to the tod. -axis, 


p2n{logZ A+ ay} 


parallel to the Be “axis. 


(8.2) 


not sear the ae eel of the rotatory Bap 


A 


Mawoddchg tee 2 equations into Eq. (62) be etwe 


as pointed out by R- K piehout some. a z 


’ proximation. 


$9. Discussion. ae 
It is well known that there aint stich ag 
phenomenon called. structural viscosity that 
the specific viscosity decreases with increasing | 


velocity gradient. The origins of this phe- — 


nomenon. are generally very “complicated, a 4 
especially in concentrated _ ‘solutions. How- 
ever, as for the intrinsic” viscosity we can 


a} point out two causes of this effect, the one | 


is the macro Brownian motion and the other — 


the . micro” Brownian — ‘motion. The former ‘ 


causes the orientation of the molecules and 
the latter the deformation of the molecules. 


“We have treated in the above sections the ’ 


case of the macro Brownian motion. Analog 


ously. we can treat the latter case, bak, this 


problem will be deferred to. later work. ’ 
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- visco-elastic proper’ 


; - Rotatory diffusion constant 


Dro= a ee 
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‘result is same as ‘our 
rigidity 1 for shear wave, 


if fot reading dna ianenctink 
clusions and sending a 1 reprint 


informations — about the properties of mole- 


shape and size of a. macromolecule, it. is 


the measured angular distribution of the 


vi shapes. Tees the solution is so dilute that the mutual ; 


- random coil models of the flexible: linear ~ the space with the origin at the center of 


“The Light Sokenng | by Non- Gaheieal. Particles | 
in Solutions. 


Beitr ty By Nobubiko Sito and Yuichi tae 
Ao : Kobayasi Institute of Physical Research, Kokubunzi, T okyo. 
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The angular distribution of the intensity of light scattered by 
macromolecules’ in solution has been calculated numerically, assuming 
these molecules as ellipsoids of revolution and cylinders whose dielectric 
constant is slightly different from that of the solvent. The results are 
given in graphs and they will be useful for the determination of the 
shapes of large protein molecules such as vaccinia virus. 

eI | i 


distributions of the intensities of the light | 
/ scattered. by spheres, rods and ‘random coils tS; 

_ Recently, since Dehves proposal®, the | mentioned above are’ obtained from the fol 
oe of light in solutions of macro- lowing assumptions: 1) the solvent is as 
_ molecules’ has been widely used as a power- sumed to be a continuous medium — wit 
ful method for measuring the molecular | dielectric constant «, 2) the solute molecule 
weights, for determining the molecular are also isotropic particles with  dielectri 
shapes and for studying the. behaviors of constant e+ de slightly different roe 
‘molecules in solution. And thereafter there of the solvent. a 
_ have been accumulated numerous important. 


. s 1. Introduction. 


cules in solution.. In order to’ determine the 


usual to presume the shape of the molecule 
with variable. parameters and then deter- 
mine them so as to be in best accord with 


intensity of the scattered light. .Consequent- nevertheless the mnclaizatibs is” usually 
ly it is necessary to calculate the angular served in the experiments. However, 
distributions of the intensities of the lights also adopt this assumption for the sake 


scattered by molecules of various possible simplicity. In addition it is assumed ‘th 
He 


At present, oacven pe angular dis- terferences of the scattered lights by differ n 
4 tributions of the scattered lights are calcu- particles are neglected. ~ 
* lated only for spherical particles, rods and Take a coordinate system (xyz) fixed 


“> 


; polymers. It will be useful to calculate the particle. Let us consider a plane wave p 
# angular distributions for ellipsoids and cylin- . gressing in the direction of —x, The elect: 
ders in order to apply this method to.some vector of this wave is assumed to be in th 

_ kinds of - -proteins or to polymers for which Z-direction. Then the components ‘of. ey : 
the - random coil models are not suitable. electric vector of the scattered light at the» 
The object, of the present paper is to cal- point P with the coordinates r (x,y,z) (r|= se i 
culate the angular distributions of the scat- are given under, the above assumptions by 


tered lights by ‘ellipsoids. and cylinders of Rayleigh”, as follows: 


various dimensions. ies peers 3 
Sees foe Hae 
$2, The Asouiiptions and the Fundamen- Ch ge Ry 
tal Equations. \ wots 
Bye eo nee ed) 


"The current formulas for the angular 4nr 8. 7° 


ae ; 7 ines 4 he Aeneas eZ ae 305 


calculate 


; ue peat A heing the wave feed in the 
r’ (|r| =7’) is the vector from a point’ 
3 ais in the molecule to the point P 
), and E is the electric vector at the 
at P’ which is expressed as E=E, exp 
E- He) where @ is the circular Sth 


For convenience of the diiieaticl af ull 

we choose as the new x-axis the direction _ 

bisecting the angle between e and i 

take a coordinate system (Ene) fixed in the 

particle. Letting (@ix) represent the ees. 

of the transformation between the two- co- : 
ordinate systems (xyz) and x), we have” 


(*¥\ {a1 Ae 

| Ae Qo, Aga Ae: 

“see ay \ sy Aso, ‘ 
one ‘obtains ; 


i; . Consequently we have 
i 4 


ve “Ellipsoids. of. sie a a 3 
‘Let the ellipsoid hae 


eat 


in n (fe) sytem. Transforming tc x Z)-8) 


Hue 


we hate uw aera cal 
)= Ey eivot-en as . a ‘ oe Kay 
(isso ile is ey 


pales’ ie 
= Arabein KK cos as ata 


\ where 


5 Bi LEY f 2 
“HF t(S) « Q ey (8) at | 


‘is the state between e and z-axis. ‘ 
the incident light is an unpolarized — 


t < 


(6, 


He ds \? 27) Mo i eas 
as ) Qo" (1+ cos ae . es 4 computation of Ba ®, 


es ( (sink Reosk 
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: x e305 (a<>), 
vy 4 4 cos) =t, 

Yl ‘og 


he ae R= rae) ate) 


pisinn — KeosK ha 


Cay aa Cah Aer uit 


JJ | 


tion. | It is the ratio J/Jo of the intensity of 
he scattered light in an arbitray direction to 
that in ¢=0, which is easily obtained es ex- 
periments. ees 3 


of aor p according to the prolate or. oblate 
ellipsoids. of revolution with ‘parameters: of - 
axial ratios f= nie The more useful uan- 
tities. are SaslIiss ’S, ‘ratios of the scattered — 
lights in directions of ¢=45 and 135, called — 
eee Coefficients. ae are ate 


Fig. 2. Aseular | BieabHeGrs: of ae Shite 
; Lights by Ellipsoids of Revolution. ° 


a: (20). 
basen O=1/0., (21) - 
In particular, when a>b, 
es. Migr. ae ele so eae 
ue 100° Ba Ae 2a? Bas 
¥. 3 pues 3 * sin x th 
z Gt 2 a)r8 sit Far. Dh - 


Eq (20) i is actinated ie Sareea ices. 7 


In’ Fig. Dy Wines: are plotted: as eae 3 


fe 
Bas! (ua) ee pe 
_ defined by Eqs. (18), and | putting 


has spesin(acosf) J (Asin) 


when pee 


which was already: derived as the equation — 
for rod-like’ particles. 


_ prolate ellipsoids, abscissa «=2aksin (6/2) : , : 
efficients are plotted in Fig. 5. 


cnt - oblate sipeoles, Mo mae sin (9/2) 


ii, : Pua aaeey Coefficients of the Scatt 
Lights by Ellipsoids of Revolution, 
prolate ellipsoids, abscissa 2a/). 

- oblate ellipsoids, abscissa 2b/2 

— random coil models, abscissa. 2R) whe 

R is the mean square distance m 

center of gravity. 


ane 


84, fOneniar Pett dove! 


(2 Phe: analogous calculations are “al 
_ formed in the case of the cylinder 
assumed to have a ae 2a) and a a: 


(12) in the case of the ellipsoid, 


eae ee f exo hx +h 
ae Art aT 


= BI — ay") = sn? 


Q is calculated to be 


K?= hel +he'= 


iD, 2Anab sink, HE), gue 
eae ae i 


mn ae 


=4rui 


acos0 ~ sind * 


sin’ a 


2a 
I! ae LE fe 


The dissymmetry co- — 


less to oats thiemniethed. to such of 
the hemoglobin or the serum albumin. This 
method will be applied with success to large 
proteins such as tobacco mosaic. virus or 
vaccinia virus. Sei 
On the other hand, it is Goan to “use 
the- equations of viscosity, diffusion or ‘sedi : 
mentation constant, derived from the hyd 
dynamical considerations, based on the m 
dels of the ellipsoid of revolution in er. 
to determine the shapes and sizes of protein 
; molecules. - Indeed, it is a useful assumptio 
- 3 3 ah aoe to assume the non-spherical protein molecul = 
; Lala a to be an ellipsoid of. revolution, however 
Angular ~ Oistbucons tet the Scattered there are some proteins which resemble. 
Lights by Cylinders. _ cylinders” rather than ellipsoids. ‘It is almost _ 
prolate cylinders (f>/b>1), ‘impossible to answer hydrodynamically whe- 4 
bstissa et ae Sah Bn, ther the -ellipsoid of revolution | or the cylin- . 
oblate cylinders (f<1),. is tl 
abscissa B=2bksin (¢/2), . GS der is the better approximation for — e 
es ‘ ay Eat ees N model of -a’ protein. ne the method of the | 


the slight deviation ae, che case pert " 
does not vary anymore greatly when f or 
exceeds “LQ; as 4s. seen in Fig. 3 or ‘Fig. 320 
If the volume per molecule is ‘known 
another method, Fi ig. 3 or 5 serves | to | d 
mine the. size of the molecule. ; 
Rte te, In cellulose derivatives, it is kn 
ETH they are rod-like, and the Eq. (25) 
2G ot 26; " cable when the degrees xe) 
faaeaeabey Coefficients of the Scattered d ‘not so large and - that they 
Lights by Cylinders. Ne coiled when the degrees. of 
prolate cylinders, abscissa 2a are Poiana large. But wher 


‘ietitgscaae or patitideao ae é 
for the shapes of the molecules. In 
and 5, the eat by random. il 
are ech for re ee a 5 3, 


arti with Fig. 2 or Fig. 3. owevée: 

he dimensions of the particle are too small 

ipared with the wave length in the sol- eee 
ve . JJ is nearly pe to 1 and ae sian ae oe 


1) P. Debye: 


adsorption formula. 


ee. Cetus mono-or twc-molecular layer: 


ie Ain production. 


ir 


Theories of the sinface tension of binary 
solution, based on ‘the quasi-crystalline model, 
have been elaborated by Shuchowizky,” 
- Belton and Evans,” 2) and Guggenheim.» The 
- essential assumption in these papers is that 


“By Terutosi. MURAKAMI, Sy Ono, Mikio PARAS and Michio KURATA.** 


Faculty of Engineering, Kyushu University, Faculty of Engineering, 
Kyoto University* and Tokyo Institute of Technology.** 


(Received May 1, 1951) 


|OUR! AL oF ‘THE PHYSICAL’ SOCIETY OF JAPAN, Vol. 6 No. 5 EB onrcner eOrvene 1951 


On the Theory of Surface Tension of Regular Solution. 


By using the quasi-crystalline model, the grand partition function of 

a binary solution, in which the molecular fractions are considered to be 
functions of the distance from the surface, is constructed. And the con- 
centration is determined so as to make the system be in thermodynamical 
equilibrium. The surface tension and the surface excess amounts of 

- components obtained in such a manner does not conflict with the Gibbs 
Guggenheim’s theory of the surface tension of regular 
solution, based on the monolayer model, 
theory. The monolayer theory, however, is in contradiction with the Gibbs 
formula,-since the system cannot reach equilibrium state if the difference 
of composition from the bulk phase is confined to such a thin region as 


is a special case of the present 


must take into account the presence of the 


holes ia liquid phases as well as the presence 


the difference in composition of the surface 
from the bulk i is confined to a mono-molecular » 


layer, 
- pointed out that the monolayer, model leads 
_ to the result conflicting with the Gibbs ad- 
f sorption formula except for the perfect solu- 

tions, and they took into account the possible 


Recently Defay and Prigogine” have ~ 


_ presence of two pronolsyers in the surface 


phase. 
ese On, the other. find: one of the ofesent 
7 ‘authors has established the general theory of 
- multimolecular”. adsorption in regular solu- 
- tion, and has calculated the change in con- 
centration near the surface. 
hs is also applicable to the theory of the surface 
tension of regular solution. The main purpose 


face tension and the change in concentration 


‘surface from 1 to 1, and neglect the prese 


And this method - 


of the present paper is to calculate the sur-_ 


at the qeree: surface of regular solution from — 


the mutilayer model previously used. . And it 
will be later seen that this model leads to the 
~ result « in’ complete. erent with Gibb’s 
theory. Lodi dt. 

me In our present bears: the presence of 
molecules in the vapor phase is neglected as 


ies. It. is, however, obvious that’ we 


in Guggenheim’s and Defay and Prigogine Ss 


of molecules in the vapor phase to carry out 
more quantitative calculation of the surface @ 
tension of a binary solution as in the case of 
the surface of pure liquid... Such calculation 

was carried out with a certain approximation’ 
by one of the authors.” 


4 


$2. Surface Tension and Multimolecular 
Layer Model for Surface. 


Let us consider a_ binary solution, i 
which the two kinds of molecules are denoted 
by A and B respectively. It is first assumed _ 
that the quasi-crystailine lattice is the same in 
the surface layer as in the bulk phase. And 
we number the lattice planes parallel to the 


ed 


of molecules in the vapor phase. These planes — 
are assumed to have the same area a. Then — : 
we may assume that the molecules are dis- 
tributed uniformly in each of these layers. 

Let the molecular fractions of A and Bus 
in the rth layer be’ % gue Jr respectively, so_ 
that 


a 


a 


ie 


Since x; and y, approach to «; and yz respec- 
tively, the molecular fractions in the bulk 
phase, at great distance from surface, they _ 
must obey the following condition: ; 


Xe Fyre = 1. 
a 


x 


(298 


YL =lim Vr. 


7—> 0 


#7, =1im x, 


Topo 


309 . 


Na= nd f Ps. ‘7 (3), (1). 


According to the "senieral properties of 
the grand partition function* we have — 


‘n is the Pmabee of lattice sites per 
rea of each layer. . 
Let z be the number of nearest ‘neighbors 2 ra= —kTIn E+ PV, 1; 8) : 
given molecule inside the solution. And 
consider now any molecule in a given layer. 
et the number of its nearest neighbors in 
yer be gz and the number of its nearest . 


g Ors | in the other layers be 2hz. Then, 


where 7 is the surface. tension, nae is the 

volume of the total system excluding the 

portion corresponding to vapor phase, and 
P is the pressure. ‘Substituting. (8) into 9), 
and replacing 5 by its maximum term: as 
usual, we obtain, See ee ae 7 BA 
ita Nase i, Ce a ater a tn a eee ee oi 
/ vax na} (br— sayy PV, 


ae enopek randomness in each ye eae ee ii} ea Ae 
Then the total number of AB contacts ole ads arta os 
{ a8 [ne ee is 
‘ Ata): AL ay : i ; 4 ; are : 
gy ead pase, ¢ at, cael ‘ < th tase othncaat Wican 
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Yr +I Xr | eid pr aa ask Ey hast . 
Vidip + Ptr + tras, for r 2, (6a) be ; 2 


ape yr + ‘ab 


+yr Iny,) for Ps. 


Meneete ( 6b) And the condition of the ‘maximization 
} at “pat ~ wath z(Cua=oan) 


‘is ‘ane to ‘the’ absence of molecules Big: ‘i ee 
is re =1 ah (Sue—Ena) 


ech a and. define de by . ie ‘ — 
; foot (Ki eta In 


a ai 


| d= 20un—E44— Spa.’ ei eit 


‘Partition function of the system is 


fees 13) i 
2Enat+2 N. oe a rele 4 
ee 40.1] ar Ne Ee (8a). be written in the pa of the ff 
: | ar tion which. is essentially equi 
Pere ts os derived by one of the aut rs ns 
ue. {EAA ViEBe) ; 5) ae 
Eo RP ; } ioe _ tive way”. | Hee 
x (na)! E $. Surface Tension ath the Gi 
tet (nate)! (nayr)! - sorption Formula. bP WN 
x expf 20a 2naxe pa— =a) ne(Gau 899) | The grand partition 
2kT ; bulk sys Which 


x exp —aebanrd® } (8b); e™ Equation (9) can be pve 
. ; shown in Guggenheir 's book®), 


a8 at 


. Sic ‘shows that the ‘surface tension obeys © 
the Gibbs adsorption formula. 


he area < a is given by — RE 
ae te aye 


pal ji 


ieee “gene +2us 
oe ORL, 


Ns 
Grate a Gali 


ay {eain (“a [e2) 
no yi. 
sf Blea (E a4 Son) 


RE: 
[ nalpanr Ac 
Te oRT Heute TARE 
ee ste ee SCAG) 


xexo[ on} 


where Ales is defined by pani = 2x09 which 
is equal Paz given by ©), if all x,’s anb »,’s 
are equal to x, and y, respectively. And the. 
5 pressure of this system is. expressed by tes 


| PV, =kT In Ei. (i5) 
This can ibe written in the form 
. ey =—nai (biu-zima Vise), (6) ; 
F where. ae car ety neuro ee Nag 

ee ¢ = ue {- XrS44 oe a see; y Pande} 


ome 


ey Tu wi eae Ts 3 be the shetane. excesses 


Bea : “£47 Grin actos yo. 


[ per unit area of A. and: B respectively: 


Ar = =1Se—m), re B= Dac r—JY1)- cls) : 


T= Oe ,)- ~ nal aaties 9) 


7 By “usibe" (13) and the relation iE es B, we 
easily obtain. from (19) 


. Crs Td (Ha As), 20) 


And from aoe 


we have So YI BS can 
es (pa Daye Betsey 75 kT > 
oe zAe det AT : an) 
-@) and (21) give 
dy es 9 Te ne ) 
dit : x15 Es ar eve @ 


iY 


R 4 Oe is Gibbs’ Bee tion Percale for regular 
‘solution, first derived by Hildebrand.” Con- 
: sequently the multi-layer model for surface 

is not in contradiction with Gibbs’ theory. 


And it is evident that the surface tension — 


; of. pure liquids, consists of A or B alone are, 


‘Sr given by 


| he | 


_ 4. Critique of the Monolayer Model for 


Surface. 


In the present section, we shall critics. 


Guggenheim’s monolayer theory and Defay 


and Prigogine’s two-layer theory.’ If we set | 


‘t%=x, and y,=yz for 7X2 in the formulae fe) 


the previous sections, .we shall obtain’ ‘th 
results of monolayer theory. For example 


using (23), we may rewrite (10).in the form 


/ 


“etn 6 in ( (10) and using (18), 1 we obtain 3 


~ gection. ieee and Prigogine have Oe sae 


is a nf 6 Oh a — x1) tonvd 


nels lai ype In o see es 


Bearing A eoadivion given by (13). in is 


we can rewrite (24) in the form 
raratn| 29 (ye) deh de 
oe aaa ty In | ae 
i F +e A . XL 5 
: +kT in >| ie 
SD ee 


which is in complete agreement wi 


_ formula derived by Guggenheim. An 


surface excesses given by (18) become 
a= n (Xn), Tz= n(i—In)s ah 


xy being determined by (25). ee ‘a 

obtain. 
dr nk ape 
5 dk 


Fs | 


I4 
oe eal i files 
“aid La 5 fe 2( ta yt 


ae 


that (27) is inconsistent with Hildebranc . 


formula (22) except when the solution 
perfect, and showed that the two- layer m 
leads to the adsorption ‘formula diff 


the second order in (z4e/kT). 
however, not explained the reason on dis 
crepancy between the result of the monolaye: 
theory and the Gibbs formiula. But, according | : 
to the stand point of the multilayer adsorp-_ r 
tion theory described here, the origin of | 

the above discrepancy may be understood 


Petollowe: ciara 5 aayhs 
_ Let us assume that the Safad Nee 


: BS molecular fractions are different from those 
j i phase and that Hye = tives =. 


* 


3 “ f sag (yw —y1)—(ty —Xr1)} ==(); 3 (28). 


' 


ot that arn*.. ties = fee cannot 


tion, In other wards, fap the case 


dynamical - quantities in true. saaitite 
ate. And in such a case the equation 


aoe 


: 


tradicts with Hildebrand’s formula 


. aed? aS : 
* Ee A ie Bat ape ST 


unless My= Xt. 
nsists only of. the first. N layer in which the © 


-= Xr. 


mplies that such | a set of the molecular 


f fi it layer model, the quantities calculated : 


t ie seen that the pesiate obtained aoe 


s for _ Guggenheim’s monolayer 


requirement of the model, And if paces 
demanded, dy must obey (29) which togethei 
with (21) gives (27). And for the case o: 
Defay and Prigogine’s two-layer model, the 
situation is not essentially different from the 
one in the case of monolayer model, thougk 
it may give more correct results than the 
_monolayer model gives. In facts, it has beer 
demonstrated by one of the present authors® 
that the moelcular fractions in the second 
layer are mgs Sa to those in oe bulk 
phase. 
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ature phase. 
attempted, assuming that molecules 


A sharp anomaly in observed specific 


the cooperative transformation from ordered to disordered state in 
molecular orientation. The large value for the observed heat of trans- 
formation is attributed to the internal degrees of freedom of the mole- 
cule, perhaps mainly of twisting modes of vibration. The effect of 
lattice expansion accompanied by the transformation is not taken into 


account in the present treatment. 


gi. Introduetion. ar 


During the last two decnaes ehceiiiens 
tal evidences for molecular rotation in vari- 
ous molecular crystals such ‘as solid hydro- 
gen, chlorine or long chain hydrocarbons 
_ and alcohols have been gradually accumulat- 

ed. Among them the last mentioned case, 
~ to which we shall concern in this present 
' paper, seems to be the most. suitable - for 
theoretical treatment, on account of the fact 
that their molecules have only one degree 
“of freedom, namely the rotation around their 
long axis. 
- Before proceeding to the details of the 
theoretical treatment of our problem, how- 
- ever, the experimental evidences for mole- 
cular rotation shall be summarised for later 
use. Miiller“ has observed that the crystal 
lattice of normal paraffins of carbon number 
_21~27 changes from orthorhombic to hexa- 
-gonal form through a. certain transition point, 
but the: symmetry of molecules is so low 
that he has come to the conclusion that each . 
“molecule rotates around their long axis in 
hexagonal structure. Other . experimental 
evidences for molecular rotation in hydro- 
carbons have been quite lacking till the | 
_ appearence of Andrew’s recent work,‘ which 
- confirmed experimentally the abrupt narrow- 
ing of proton magnetic resonance line of 
normal octacosane u-C.sH;s and dicetyl 7- 
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Molecules in certain normal long chain solid hydrocarbons or al- 
cohols are well known to rotate around_their long axis in high temper- 
A simple statistical theory of rotational transformation 
similar to Bethe’s theory of order-disorder transformation in alloys is 


position and sometimes change their orientation by thermal agitation. 


dodecyl alcohol from X-ray studies. 


AFig. 1). 


pound which proyides us the rather concrete . 


Tokyo. 


‘ Wnts 


librate around their equilibrium » 


heat is explained as the result of 


v 
‘“ 


C;,H,; at a certain temperature, which was 


te 


reasonably attributed to the rotation cee 

molécules suggested by Miiller. ; 
As for alcohols, Bernal‘® has concluded: 

‘the existence of the molecular rotation i 


Its d 
electric?® and thermal studies,“ how 
ever, seem not to be sufficient for suppor! 
ing the above conclusion. ae ne 


mal alcohols. 


Recent X-ray nicasareente by 
Ott,“ and independently by the author an 

- his collaborator“. has confirmed the quite 
similar change in lattice type of hexadec; 
alcohol (cetyl alcohol) as in paraffins which 


strongly supports. the molecular rotation. rie 
The author and his collaborators” hav wes 
also found “A sharp: anomaly in specific hea : 
of alcohols at the transformation point which 
may well be interpreted as the result of. the 
cooperative setting-in of molecular rotation 
This is perhaps the first reliable " 
data on the specific heat of long chain com- _ 


experimental justification for the molecular. 
rotation. These results, together with di- ~ 
electric as well-as proton magnetic resonance - 
measurements above mentioned, will be suf- — 
ficient to settle the problem of molecular 
rotation in paraffins and alcohols. 


xistence of similar rotation of. molecules in pibeenre case. > 9 ee 
ong Bet, alkyl bromides. We, theréfore, shall Tee carry ote thal 
treatment corresponding to the Bethe ap- 
proximation“, based upon the idea which 
was discussed in author’s previous paper.“ 
The model is rather a simplified one, ‘suitable - 
for the mathematical manipulation, but the 
o essential feature of the phenomena may be 
_ considered to be described correctly. a: 
Since normal paraffins and alcohols’ are. 
almost perfectly similar in their crystal struc: 
{ ture, we shall concern only with paraffins in 
the following. Each molecules of paraffin 
crystal are straight in form and packed 
rather closely within the unit— cell, which 
contains two molecules in it, as shown in 
Fig. 2. The circle in the - figure represent the 
CH, group considered as a whole, and its 
. radius is taken to be equal to the van der. 
Waals’ radius of the group. It will be clear. 
that. when the molecule begins to change 
aie its orientation, it necessarily influences the 


. b Temperatare 


i 
i ‘ orientation - of its neighbors, owing ‘to the 
‘homalous . Specific Heat for Hesoochih: rather close packed arrangement, thus the 
ol (Right Peak Shows the Latent _ Problem being aeenealty Pir aia ey Enh 3 


Heat of Fusion), © Det 
F %), f : 1 


(a Rial 


as” first Sco bithed by Pauling? 
um mechanical way. The rotation 
cule. is, however, _ greatly affected 


ion leads to. the process which i is 
ooperative, “Although Fowler‘ ; 
mpted to propose the first, but rather we 
theory, Kirkwood“ has formulated ® -_ 
tatistical theory of the phenomena 4 
on, | corresponding to the stage of 
ation equivalent to that of the. , 
illiams theory of the order-disorder | “If we beasties she molecule. of fair 
mation in alloys.“ Further, Naga- i arin length, the force acting be een on 
also has developed a. similar treat- CH, group of the molecule A, and he. ot 
n discussing the problem of rotatiqnal | CH, groups of the molecule. B which lie 
sformation in NH,Cl crystal =» the same vertical line (CH, groups represente 
€ neglection of short range order in by white or black — circles only). I 
e present problem, however, is not a good ‘summed up into a force parallel t ‘pl. 


L n€ WX 
which is’ perpendicular to the long axis" 


pro imation since the coupling with the 


st neighbors is rather strong compared VR herefore, the sum of the orc 


the one in case of alloys, although the | between the white (or black), roups. 1 
objection to the neglection of the interaction cule ‘Ay and ‘the black & white) t 


located at the projection of. CH, groups on 
the, plane as shown in Fig. 3h Thus the 


eG be 


Fig. oF 


‘problem. is completely reduced to the two. 
dimensional one on the mentioned plane of 
‘projection.y As the mutual interaction of the 
“molecules is mainly due to both van der 
¢ Waals’ attraction and short range. repulsion, 
the neglection of. the interaction between 
more distant neighbors will be well. justified. 
; Each molecules will at first be librating 
y around the original stable position. As the 
temperature rises, they will gradually take 
random orientations. Since the perfect free 
rotation seems to be hardly possible, in 
2 view . of the size of the molecule, the 
| cog-wheel- -like rotation may be only  per- 
emitted, .- In order to simplify the problem, 
the lattice is assumed to be nearly hexago- 
nal and we shall take for the possible orient- 
ation to be the following two separated by the 
potential barriers; the one is the original 
- position and the other is its mirror image 
with respect to the plane passing through 
the center of the unit cell and perpendicular 
Bto% wep ‘These positions are. represented 


theory in alloys. 
types of interaction energy between mole- ‘ 
cules, their examples being namely (A,B), ae 
(AsB,), (Ai,0,), (Ar,O,) and (A,,0,), where. the — 


\ 


by suffices 1 and 2 respectively in the figure bs 


ig. 4). For the sake of convenience, the 
former is called the right position and the 
latter the wrong one as in order-disorder~ ae 
There are five different ° 


notations specifying each of the orientations _ i 
of molecules are shown in Fig. 4. Since the oh 
first four of them are small compared with 
the last, each of- them may be assumed to Ly 
be equal in its magnitude, and the last one — 
to be larger than the former by the amount 
V. 


of the occupation of any lattice site, we may 
obtain the value of the statistical parameter 


bability of the ‘surrounding molecules in ‘any 
specified group occupying the wrong position. 
due to the ordering influence of the molecul 
in the outside region of the group. Notatior 
Caan in the following shall be listed below. _ 
: relative probabiltity that 2 neighbors | ki 
out of six are in wrong positions,. bean 
- when the central molecule is right. es 
wn: relative probability that neighbors — aa 
out of six: are in wrong positions, i: 
when the central molecule is wrong. 
x 2 exp (—V/RT) 
The relative probability. for a pair with — 
low interaction energy is taken to be 1, while 


ake Ras VIET). teat it is eoceess that a ae 


As for 7, among six possible configurations 


—%=1 
1,= (44+ We 

=(6+ 8+ #) 2 

; = (4+ 12x + 42) 2°. 

ara (8x +b 627) et 

irs = (Qe 4 Sa e 

= ; 


(2x + 4x7) «& 

(1+ 8%+ 622) 2 

= (4+ 124+ 437) & 

wy =(6+ 8%+ #) & é 
Ws = (4 23) ® 
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Sm = (Lae) (Le) 

} os w = SW = (+4) (+e) f 
PS © 2. Are’, 2xer 
S .  L+8 has 
. 4we , 2ew 


(4). 
we eS whe Ibe, ee 


the relative probability w’ that one 


neighbors is wrong is 


1 g(a. 01) 
0s 0e 
xer ew 
rks od 


| Sn(rs a ns = 


_ Xr w)e 


Pri a4) 


= WwW 
nd from (5) and (6), 


_ 2a T4ae)+x0(1+8) ete 
~ 26+x)+a(1 +e) * +xe 


2s 


“(ey 


using 3). one root for c€ 1S 
remaining two roots are Ute’ soultion of 


oy: 


Stic equation ey Spee foo: 


| Bate? $2234 x Debit = 0 


“and as the solution “must be real, rs 
Satisfy the relation = 7 


Vee (24°+ 24 —1)°— gt SO. 


_ which requires ae 


yor aS 


- 02%20.290 a 


0 Zexp(—Vier)Z cs a Sea bs 
Roots of equation (9) is 


=! ilies De /MT= Srey ig = i 


a 


The excess dint due to configurations Ge 
responding to rn and Wn are, as” is eas y 


Orn pe 


shown, : are Vand si V respectively, ‘Ther 


Ox 


‘From (3) and aa), together with 
“*=eXp (-V/kT), ate te i 


a) NV tayeleed he 
(l+-xe)? + 1G tay 


and the ® specific heat per ee 


% =o axe £=0.290, 


Phin » ate curie 


02 06 


. OF 0:8 


vais Long seats Order ; 


<i Nee Ci with the ‘results of pee 
ee ea citie” in normal eee 


t ie back in ~geveral respects, Firstly. 
- Bibber and King“) have measured 
of pornos transition of normal 


A ie 
Fhe 


Fig. a 


: fe easily understood from (15) or (18) by x 
- assuming eae 


transformation per mol. 
- Nk log 21.4 cal./mol. deg., irrespective of the 


_ crystal have been 
_ authors, according to which there 
_ exist two groups of Raman lines, the one of 


fae “7 ™. bond angles. 
. uh 8 
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where V, is the energy per CH, goup. How- 
ever, this leads to the conclusion that the 
Curie point @ is proportional to 2, namely 


6 = 0.807L = 0.807 n (22) 


which seriously contradicts with the experi- 
ment. Miiller’s observation shows that @ is 
less dependent upon the carbon number 
(Table I). 

Furthermore, so long as we tacitly ad- 
here to the original assumption that the 
molecule is perfectly rigid and can only 
rotate or librate as a whole, the entropy of 
is of the order of 


carbon number n contained in a molecule, 
since the number of possible orientations is 
limited into two. The entropy estimated 
from the specific heat data is much higher 
than this value, being roughly proportional 
to the carbon number 7, These considerations 
lead to the conclusion that the internal degrees 
of freedom of molecules must play an important 


Yole. 


The vibrations of paraffin molecules in 
investigated by many 


lower wave number (240cm-*) corresponding 
to the stretching vibrations of C-C bonds, 
and the other of higher wave number (900 
ale which is attributed to the variation of 


specific heats. assuming Einstein functions 
shows that these modeg of vibrations must 
be actually taken into account in order to 


explain the unusually large values of specific 


heat of solid paraffins even at the lower 
temperature phase in which the rotation of 
molecules does not occur. This is in accord 


- with the fact that the specific heat per gram 


of paraffins tends to a certain limiting value 
as the carbon number increases.“ The 
specific heat per mol is, therefore, proportional 
to the molecular weight, ie. the carbon 
number (Fig. 8). This would not be under- 
standable unless we consider the excitation 
of internal degrees of freedom of the ‘mole- 
cule. 


The rough estimate of © 
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Fig. 8. Specific of Normal Paraffins 
(Parks, Huffman and Thomas) 


The third and the last possibility is to take 
into account the twisting vibration of the 
molecule, the details’ of which are not fully 
investigated yet.“ According to Miiller’s 
works on the dielectric behaviors of polar 
long chain compounds, however, the effect of 
twisting seems possibly large, and it seems 
also to be responsible for a part of the 
specific heat at the low temperature phase. 
The possibility of the twisting vibration may 
suggest that, while rotation takes place, every | 
CH, groups of two neighboring molecules 
often fit with each other in a complicated 
manner, one group lies on one side of CH, 
group of the neighboring molecule, and the 
next CH, group of the same molecule lies 
for instance on the other side. Because the 
lattice is observed to expand slightly as the 
transformation proceeds, which results in the 
lowering of the potential barrier to be over-— 
come by the molecule in changing their 
orientations, the fitting-in of the neighbor- 
ing molecules may easily occur at the tem- | 
perature near the Curie point. 

Taking these situations into  considera- 
tion, we may attempt in the following a 
tentative solution of the problem in a- some- | 
what schematic way. The fitting in of the 
molecule is assumed to arise only in the 
configurations which we called high energy 
type (A, and O, for example). If we con- | 
sider the spatial’ configurations of the CH, 
group in further detail, it may soon become 
obvious that there are four ways of fitting 
of a\CH, group in the molecule A and the 
corresponding CH, group in molecule O, as 
shown in Fig. 9(a). Owing to the large 


- twisting possibility of the chain, it may well 


be assumed that there is little correlation 
between the way - of fitting of one > CH 


_ molecules 
—(4)" aon, 
energy configuration of molecules containing 
on carbon atoms should, therefore, be multi- 
5 ‘re by a factor QF 2": 


e thus each CH, group | ee cores 
have the possibility of taking one of those 


i” Fig, 9. Fitting-in of molecules ' 


apt" i \ ee 
Because, out of ~ CH, groups within a 


_ molecule, approximately a half of them con- 
tribute to the fitting (see Fig. 9b) and there 
-are four ways of fitting of each groups, the 


number of ways of. ‘fitting-i -in of a pair of 
of high energy type becomes 
The relative probability x of high 


Thus we have > 


| wives = Qn o-V /kr (23) 


A The validity of all the formulas is unchanged 


§ ase ae or (12), which should be — 


: namely, 


ae OL n= er 20,290 Wh 


(2A) 


AH 


er the transformation point @ is obtain- 
_ed from ‘the equation 


} 


; nln 2— In 0.290 = = _ V/RO 
Q@= as 
k(aln 2— In 0. 290) . 


Patton V=nVo, V being the height of the 
_ potential barrier per CH, group, we obtain 


@= (26) 


een 
k{In2—(1n 0.290)/n2) 


The slight increasing tendency oF 6 with: , 


25) 


the number of carbon atoms is cleariy seen Sid 
from equation (26), and the calculated value 4 
of the Curie points assuming AS 


aay = 245 degree 


Ce 
are compared with 


the observed value us 
(Table 1). | ee 


Table I ae 
Calculated and Observed Curie Temperature 


stanliiennieniinieniaiaieiteemmmmentameammeneee eet 5 i: 
: : (pied 


n Ocal. Oobs. (Muller) an 
24 329°K Meier ae |, 
26 331 319) . 
272) 332 929) eae 
29 333 ‘330/40 aan eae 
30 334 Balen a 
31 334 335°) ae 
34 336 34th ye 
44 339 SEgiuir 

co / 353 ist 


The energy of transformation becomes 
from (18) and (21) 


0.290 sf 


Se eke a Gs 0.225 NnV, 


1. 290 


the correct order of magnitude for ‘ne so S 
of transition. In case of C.,H;, for nA ts: 


the Sradtiontion of lattice expansion during Hi 
the transformation, and the remaining pa 


iy 
oe : 
a gh 


ff i 


of molecules. 
The anomalous specific 
Curie point is from (16) and (27) 


Co = 0.89n°R (29) i - 
being proportional to the square of the) 4 
carbon number z. The only available data 
are the one for hexadecyl alcohol,“ the 
anomaly amounting to 1400 cal/mol.deg at 
the transition point. The calculated value 


is smaller. by a factor of 3, namely 460 . 


cal/mol. deg. 


4. Discussions 


The effect of the lattice expansion and 
i lattice Sie eae ae the transforma- 


ically expected. 

Throughout the whole treatment, 
ch n is assumed to be infinite, 

rbon ‘number 2 comes into theory only in 

sense that the interaction energy of the 
1olecules is expressed as ” times the energy 


the 


peecndency of transformation tempera- 


siaihea in a qualitative manner as des 
OA ns 
in the above treatment, and the 


a] 


a problem of the large hate often 


sy configuration. It is perhaps of some 
t to investigate the Raman lines for 
ee in rotational state in order to 


1d es of vibration. 
Another statistical treatment of the ro- 


and the 


molecule calculated for the infinite chain. 


of the finite length of the chain and 
_ Substituted end group are. ‘to be 


of the transformation point and the 
of t transfor ‘mation (consequently the en-- 


ring in the relative probability for high 


- was unde Ee Hoffman aaa Smyth? 
case of alkyl halides. 
the main analogous to Fowler’s theory,“ 
which. contains, some ambiguity as Kirk: 
wood‘'!® has pointed out, and its genera’ 
scheme seems to be not suitable for th 
interpretation of our problem. . 
The author wishes to express his sincer 
thanks to Profs. T. Muto and R. Kubo fo 
_ their valuable discussions and criticisms. _ 
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By Yoshinobu Kaxkiucut, Hachiro 


The anomalous electric conductivity in higher normal alcohols is 
often attributed to the proton transfer accompanied by the rotation of 
The direct experimental justification 
- for the above idea is attempted, where results are described in the 

following. The gas produced as the result of the electric’ conduction is 

identified spectroscopically with hydrogen, and its amount is found to 

coincide with the expected value, assuming that the current is conducted 
The effect of the added long chain compounds is 
observed and the result seems to be well understood on the basis of the 
proton-transfer-and-molecular-rotation mechanism. 


molecules around. their long axis. 
solely by protons. 


Introduction. 


mS is 
: It is well known that normal solid al- — 
~cohols have anomalous dielectric constant‘? 
and electric conductivity“ between the trans- 
formation temperature and the melting point. 
The rotation of molecules around their long 
axis in solid phase above the transformation 
‘point was concluded from dielectric data by 
Baker and Smyth, as well as from X-ray 
’ measurements by Ott and independently by 
one of the authors and his collaborator.“” 
Specific heat measurements ia our labora- 
tory also confirmed the above conclusion.“ 
_ Anomalous dielectric constant and electric 
conductivity was already attributed to the 
large mobility of protons forming hydrogen 
bonds by one of the present authors, who. 
has also pointed out that these anomaly must 
closely related to the rotation of. molecules 
-around their long axis.°? Hoffman and 
Smyth” considered it to be due to the 
mechanism as exactly the same as in case . 
of the water, which has been discussed by 
Hiickel“” and Eyring.‘‘’» Namely, protons 
forming hydrogen bonds: in alcohol crystal 
happen to displace a little, and as the 
result, ROH,* ion which is similar to oxon- 
ium ion will be formed. As the molecule 
‘rotates around their long axis, it is possible 
for such an ion to have a chance of giving a 
proton to one of its adjacent molecules 
which in. turn becomes an ROH,* ion. When 
the electric field exists, the number of pro- 


‘ 
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results of the experiments together with the 


Komatsu and Susumu Kyoya. (oe 


Tokyo. 


tion, the electric conductivity being thus’s es: | a 
tablished. . 

In the above considerations, the charge Be 
is considered to be carried by protons main- — S 
ly from two reasons. One is the fact ara 


the application of the voltage to the oleg tt 
trodes, showing the existence of the i 
tion due to ionic conduction. If the electr¢ 
des are short circuited, the current will flow 
in the opposite direction. The other ishe a: oy 
rather chemical one, namely the fact that — 
the hydrogen atoms in OH bond are more 
dissociable than other atoms in the mole- — 
cule. The direct experimental evidence for — 
the proton conduction, however, is hitherto 
entirely lacking, with which the present paper ee 
should mainly be concerned. 

The present authors have succeeded 1 to. fis 4 
detect spectroscopically the hydrogen gas” 
evolved at the negative electrode as thee 
result of the electrolytic conduction, and the 


conductivity measurements are discussed in 
connection with the mechanism of the proton 
conduction through solid alcohols.” 


$2. Spectroscopic Evidence for Proton 
Conduction. 

The sample of cetyl alcohol was placed 

in a cylindrical condensor, whose electrodes 

were insulated by a micalex spacer (Fig. 1), 


“Yoshinobu KAKIUCHI, Hachiro KOMATSU and Susumu KYOYA. 
\ ; Yee 


4 


Micalex through the leads connected to tungsten 
"wires, sealed to the removable top, which is 

fitted to the cylinder with pr canG joint Fi ig. 

ae): . 

After the vessel was wholly edi stea 
Brass the stop cocks S, and S, were closed, and 
the current of some 40uA was made t 
flow through the sample whose temperature 
was always kept constant within the rang 

— 45°~48°C. After being left for two hours, 
-§; was closed and then S, was opened an | 
Ap Mee are the gas produced was thus introduced to 
hues Math cris the discharge tube D. The liquid air trap 
BS ena was nescessary in order. to prevent the vapo 
ne rach he of cetyl alcohol from going into the dis- 

Neri Rya ue ) charge tube. Because the foreign gas ad- 
pny aces of the electrodes were ae sorbed in the electrodes affected the dis- 
in- order to avoid the chemical reac- charge greatly, the electrodeless discharg 
i through the gas to be examined was ob- 
ipl was ee ae a cobper-con- served “ ea ai oe aie «ae 
rmo- couple. The condensor was — High frequency oscillation of wave leng t 
spended - in an evacuated glass cylinder of ebaus 2: meter was aenetated Sy an di 
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‘ats af vate) > Fig. 2. a ee) te . os 


oe nary Hartley circuit using a triode T311, the ¥eltawe output was applied to the tin 1 
_ Plate voltage of which being about 1000 volts. electrodes coiled at the outer surface’ of . 
i Bopper tube 6 mm in diameter and 43 cm discharge tube. The discharge: through | 
ti gas was observed by a aph. 
“tyeen parallel parts beings 1. 9cm, and id When the voltage Psi el aioe ee aa 
_ into the plate circuit as shown in Fig. 3. electrodes, the color of the discharge w 
The secondary coil with the same dimen- somewhat bluish and its” spectrum w 
sions with the primary, is shunted by an very weak (Photo. 1a). i. the contr 
adjustable parallel. plate seen: The when the gitage was BE i , 


1951) 


and the current flowed through it, the color 
of the discharge through the gas evolved 
was reddish white, its spectrum being attri- 
buted to the hydrogen (Photo. 1b). Balmer 
series due to atomic hydrogen and the band 
spectra due to hydrogen molecule were easi- 
ly identified.“ At the temperature below 
and above the hexagonal region, where the 
conductivity was much smaller, the intensity 
of hydrogen spectra was also negligible. 
Therefore, it may be clear that the hydrogen 
is evolved as the result of the electrolytic 
conduction of alcohol. 


He4861 


Photo. 1. 


$3. Faraday’s Law. 


If the above considerations be correct, 
the relation between the charge carried by 
the current and the amount of the gas 


evolved must obey the Faraday’s law. In 
order to verify this relation, the current 


flowing through the sample and the pressure 
of the gas were recorded against the time 
elapsed, by means of a microammeter and a 
McLeod gauge. 

The amount of the gas evolved may be 
calculated from its volume and the pressure. 
Because the temperature of the gas in the 
cylinder is higher than the room tempe- 
rature, the volume V, of the cylinder and 
the volume V, of the remaining part includ- 
ing the guage, must be. estimated separate- 
ly. The general procedure for the deter- 
mination of the volume run as follows, 
making use of a reservoir of volume V,. 
Firstly, all cocks S,, S., S;, 5, and S; were 
opened and the whole system was thorough- 
ly evacuated. Then the cocks S, and S, 
were closed and the cylinder was filled with 
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T311 


— 


eames 


com) 


Fig. 3. Oscillator for discharge 


Spectra of the gas. 


the gas evolved. In this case the cylinder 
was kept at the room temperature. Next, 
the cock S; was closed, and the measure- 
ment was done in the following manner. 
(a) S, closed and S, opened, and the 
volume and the pressure are 
V,+V, and fa respectively. 
(b) S, closed and S, opened, 
Vot+tV., and po 
(c) S, closed and S, opened, 
Vi Vz and De 
(d) S, opened, Vjo+V,+V, and fa. 
The effect of the residual gas, the amount 
of which is small and is mainly determined 
by the pumping speed, may be only to be 
taken into account for the reservoir, which 
is iarger in volume compared with V, and 
V,. Let the residual pressure be f), then the 
relations : 


hoVotbaV2+hoVi=fo+ V2 CL) 
ba V; +PoV, =p(Vi+ V2) ( 2 ) 
DoVo +p(Vit V2) = da Vot Vi> V2) ( 3 ) 


will hold between V’s and j’s. As the result 
of the measurement, V, and V, were found 
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to be 230 cc and 190 cc respectively. The 
total mol number’ of the ‘gas is: given by 


(4) 


where F is the gas constant and 7, and 7, 
are the temperature of the parts V, and V, 
respectively. The amount of the charge Q 
carried by the current during the time in- 
terval ¢ is obtained by numerical integra- 
tion from the data for the magnitude of the 
current flowed, and is plotted against the 
mol number of the gas evolved. 
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Typical examples of the measurements are 
shown in Fig. 4.and Tables Lafid II. It, may 
be noticed, in spite of the apparent differ- 
ence between the data in measurements I and 


Table I (measurement I) 


Charge carried Mol. number of n/Q x 106 
Qx10% coulomb hydrogen nx 107 mol/coul. 

36.3 1.76 4.84 

66.8 ahh 4.15 

94.6 5.14 5.15 

169.5 7.49 4,42 

260.8 11.05 4,23 

Mean 4.61 


Table II (measurement II) 


Charge carried Mol. number of n/Q x 106 
Qx103 coulomb hydrogen nx 107 mol/coul. 

13.9 0.86 6.18 

SLZ 1.60 4.31 

57.2 2.26 3.96 

80.8 3.83 4.73 

110.3 4.79 4.34 

136.9 6.19 4,52 

Mean 4.67 


II, that the relation between the charge 
carried by the current and the quantity of 
the gas evolved coincides perfectly in both 
cases as Fig. 5 shows. The mol number of 
the gas evolved when one coulomb of the 
charge is carried through alcohol is calcu- 
lated from the above result and found to be 
4.64x10-* mol/coulomb. If all the charge is 
carried by protons which change perfectly 
into the gas, the corresponding figure should 
be 5.18 x 10-* mol/coulomb, according to Fara- 
day’s law of electrolysis. Hence the greater 
part of the charge is considered to be con- 
ducted by protons. 


#y3roger* 
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Fig. 5. Verification of Faraday’s Law. 
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4. ; The Experimental Procedure for the 

Conductivity Measurements. 

E As the direct proof of the Mechanisn of 
proton conduction would be very difficult, 
f the following indirect method of investiga- 
tion was adopted. Namely, the conductivity 
of cetyl alcohol and its mixtures with long 


the effect was discussed in the light of the 
supposed. mechanism of proton conduction. 


‘Fig. 6. ‘Wien Bridge 


| a an Srder to deat as far, as possible the 
"effect of polarisation upon the conductivity, 
F. the | _measurement was conducted under 
% the frequency - of 560 cycles per second. 
| Because the dielectric constant of the sample 
; ‘became - also large, it was necessary to sepa- 
rate carefully the real and the imaginary 


" parts of the dielectric constant. 


_ densor put in parallel to the sample and its 
_ shunted resistance were both varied in order 
to balance the bridge (Fig. 6). The loss of 
the sample became so large at the temper- 
ature corresponding to the hexagonal phase 
(tan d~3.5), tan 6 of the fixed arm was also 
adjusted to a large value. The magnitude 
of the resistance put in parallel to the 
sample was properly adjusted according to 
the magnitude of the loss of the sample. 
~ The voltage output of the bridge was detect- 


. ed by a Braun tube oscilloscope through an c 


chain normal paraffins, alcohols or acids of. 
various carbon numbers was measured, and 


c The Wien 
_ type bridge was used for this purpose, con- 


amplifier. The sample was put into a con-— 
densor of variable electrode distance, equip- 
ped with a micrometer, micalex being used | 
as an insulating material (Fig. 7). Only the ne 


result for the conductivity is interested here,” 


and the data for the dielectric constant will be 
described in a separate paper to be published _ . 
later. Paes 


“Micrometer 


‘Brass 


-Micalex 


Brass 


Fig. 7. Condenser for conductivity 
: ees eure ca 


$5. The Result of the Conductivity 
Measurement. 


The conductivity of the pure cetyl al- 
cohol is shown in Fig. 8,. which shows © ay 
sharp peak at the solidifying point. . The 
maximum value of the conductivity for the 
mixture of alcohol with paraffins, alcohols 
or acids in molar ratio of 2:1 are shown in ; 
Fig. 9. These results show that the. normal — 
long chain compounds whose carbon number — 
is greater than that of the original alcohol, _ 
enormously decrease the conductivity. me 

As for the result for the substances, _ 
whose carbon number is equal to or less © 
than that of cetyl alcohol, there was a 
marked difference between alcohols, paraf- 
fins and acids. The effect of the added 
alcohols was relatively small, and that of 
the paraffins next, that of the acids being 
most conspicuous. In no case, however, the 


‘conductivity incréased by the addition of 


the substances above mentioned. | 
The above results seem to support the © 
view that the conduction is carried about 
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oer abeue ithe aegle eevee of alcohols.’ CU asia 
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Wilson aes Oru have examined the long, G 


bs 11S: 


- chain in the sce may. also be ane 
to be similar to the case of paraffin cry: 


the c plane may be like that shown in Fig 

10, black circles showing the site to whic L 
each oxygen atom belong. As the infrared — 
investigation by Davies“ shows the definite 
existence of hydrogen bonding, the arrange- 
ment of the lower half of the unit cell re- — 
lative to the upper, may be, for instance 


something like that shown in 1 Fig. 10, or brdreeen’ : 
onds ‘being expressed by the dotted lines — 


the aden ‘The formation of hydrogen 1) ‘Baker and | Smyth: ea 
(4938) 1229 


Higasi and Kubo : ‘Sci. Pap, incr, 36 (4990 
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to? pr mycnsly Bere X- “ray data. 
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cused_ previously for the dielectric and X- -ray 
study. 
specimen and a silica rod is magnified by an 
- optical lever about. 1000. times. as large. 
have used the ' specimen 3cm in length and 
ay 4mm i in diameter, and have been able to detect 

hal t dilatation ae as small as 3107" * Using 
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With increasing content of PbTiO; the 
Pola contraction at the Curie point 
ince: more and more increased. ‘The 
ne eet expansion coefficient Be in the 
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Pon the Phase eaten in Barium-Lead Titanate 


By Gen SHIRANE and Akitsu Takepa. 
Tokyo Institute of Technology, Oh-okayama, Tokyo. 


(Received November 29, 1950) 
The dilatometric and specific heat measurements have been made onthe 4 
is whole range of solid solutious of (Pb-Ba) TiO; system. The linear thermal — we 

expansion coefficient in the tetragonal region decreases with increasing Pb 
content and it becomes even negative on the PbTiO; side, whereas the 
expansion coefficient in the cubic region is almost constant independent 


‘ ‘Anomaly of the specific heat “also increases con- 
ae So siderably towards PbTiOs, just Sg a to the dilatometric data ane 


this ilatometar we have wieasured th di 


. PMtencuremient of linear thermal expansion ~ 
has been made on the same ceramic specimen > 


‘The relative dilatation between a 


We 


aps ie Pee . ; Pie, 1. Thermal expansion of (Ba-Pb) TiQs. 


of the composition, 


900 


ql) 
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tion of copper » rod, at temperatures fr m< 0° 
to 550°C, and obtained a satisfactory resu 
in good agreement with the former | 
ments. é 
Some of fie curves on heating > show: 
in hea 1. As aera there are ar. 


Fo ‘the 


tetragonal region decreases with lead content. ot 
On the other hand, the coefficient f. in the 
cubic region is ‘almost constant independent — 
i. e. 8~10 x 16-9204 


200 300 400 ' 
Temberatare ( ee 


Fig. 3. Length of PbTiO; vs. temperature 
for both rising and falling temperatures. 


of the specimen increases after a cycle. ‘This 5 
phenomenon may have an intimate relation 
Mee oe 3 RRO, with the following fact which we have _ 4 
frequently experienced during measurements. 
: Tanear thermal expansion coefficients, 

the tetragonal region and & in the When these ceramics repeatedly pass nibh 
cubic region. A the transition temperature, they become more © 
and more fragile and sometimes they are ’ 
broken to pieces as if they effloresce. In 
these crystals, an extraordinary lar ge change a 
of lattice spacing at the transition point may se 
cause such great strains in a ceramics as are 4 
intolerable. When the temperature is not — 
raised through the Curie point, the hysteresis — zs 
is very small. (e>fe) AAS aes? 
In ‘spite of the existence ‘of great hys- 
4 teresis, the heating curve is approximately, 2 


AES 


2B ' ASS 


ust be emphasized’. that in the 
1 region ‘the volume of the solid 
near the PbTiO, end does not in- 
ut decreases from, the first with in- 
io Boner ature: -As already stated in 
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neous polarization. ‘In these solid. he hace ee yak ie eh ei 2 a 
i i: “ — - . <n va. ee 


and at last it may happen that the 
asks. entirely the effect of normal 


R peratures. This teadieney is also in ac- 
co ordance with the large, value of assay amas 
: hese substances. ) 


rve ae PbTiO, (abcde). In this 
se, pene and cooling rate is about 


Tatticg note as pees experi- 
mentaly i in the case of. PbTiO;.. 

__ We have estimated the unstrained volume 
at 30°C by extrapolation from the cubic 
region and thus determined the abnormal 
volume expansion at 30°C (Fig. 4). As seen 
in this figure, the crystal strain due to the 
spontaneous polarization increases ' with lead 
content, just corresponding ah the increase 


+ 


Cp 


\ 


Meh 
29 


200 


As expected, the ‘specific heat anomaly 
increases considerably with lead content, 
corresponding © to the anomalies in the 
thermal expansion. Though it is difficult to 
* estimate accurately the transition energy from 
_ these curves, we have tentatively assumed 
that the normal specific heat corresponds to 

“ the broken lines shown in the figure. Transi- 
- tion energies thus obtained are shown in 


_ Fig. 6. These values, of course, include some . 


of the changes in polarilzation energy dis- 

tributed over temperatures below. the transi- 
tion points. The result concerning BaTiO; is 
. in agreement with the former publications™. 


83. Spontaneous Polarization. 
_-_-Using cathode-ray oscillogrammes we 
_ have obtained the hysteresis loops of BaTiO, 

-(Ba95-Pb5) TiO, and (Ba90-Pb10) TiO, as 


of tetragonality. 


$2. Specific Heat. 


| el Ms _ 200. 300 
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Fig. 5. Specific heat as a function of temperature. 


saki-Takagi type, the specific heat of these 
solid solutions has been measured. es He 


rate of 1°~2°C/min. The results are ows os 
in Fig. 5. i 


0. : ; 
BRO, - 2 5 % 


HO, 
Fig. 6. Transition energy estimated * 
_ from. the specific heat curve. 
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shown in Eig. 7. These three specimens have 
the same shape, 1.5cm”’ in area and 0.5mm 
in thickness. Applied field is 50cycle/sec and 
the maximum field strength is 30kv/cm. As 


Gen SHIRANE and Akitsu TAKEDA. 


expected, the spontaneous polarization ° in- 


creases with lead content, but the increase © 


of coercive field is more conspicuous. 
} 


BaTiO; 


It is difficult to eStimate these quantities 
for all solid solutions since the greater is the 
‘lead content the more porous and poorly 
__ formable becomes the ceramics. Moreover, 
f the estimation at room temperature may be 
very difficult even with well sintered ceramics 
_ because of a large coercive field. 

Recently, it was reported by Nomura and 
Sawada” that the spontaneous polarization 
of the single crystal of PbTiO; is very large, 
' ie. about 90~100 microcoulombs/cm’. This 
‘result is in good accordance with our X-ray 
_ and thermal study. 


In conclusion we wish to express our 
sincere thanks to Professor Y. Takagi for his 
' kind guidance in the course of this research 
_ and also to Mr. M. Hirabayashi and Mr. E. 
' Sawaguchi for their helpful advice on our 
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(Bago—Pbi9) TiOs 


Fig. 7. Hysteresis loops at 50cycle/sec and 30kv/cm (20°C). 
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Phase: Transition in “lena Zirconate. 


oBy Pica SAWAGUCHT, Gen SuiRANE and Yutaka Takact. 
’ Tokyo Institute of Technology, Oh-okayama, Tokyo. 
Pecsivel February 28, 1951) 


Detailed PAVeses HORS on the dielectric and the thermal raueriee of 
F PbZrO have been made and compared with those of ferroelectric BaTiO3. 
In contrast with: barium titanate, volume change at the transition near 
_ 220°C has turned out to be expansion, being 6V/V=2.7x10-%, and a large 
amount of anomalous specific heat of ca. 400 cal,/mole have been found. 
Spontaneous polarization’ ‘estimated from the hysteresis loop, and the 
effects of D.C. bias upon the permittivity and especially the shift of the 


transition point all imply that a spontaneous polarization may not exist 


below the Curie point. Since the dielectric constant, nevertheless, be- 
comes extraordinarily high at the Curie point, it must be reasonable to 
say that lead zirconate belongs to a new type of dielectrics, say, antifer- 
roelectrics. When the sample contains some additional materials, a@ narrow 


region . of ferroelectric phase has been observed between antiferroelectric ° 


and paraelectric ones. The. temperature’range of this phase is sensitively 
affected by the amount and the species of the additional materials. 


- 
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sh Introduction. 
In summer 1949, Waku and Hori found 


- from permittivity measurement that the be-— 
haviour of lead zirconate with a transition at 
“about 220°C is very similar to that of well - 
known barium titanate. Recently, Roberts | 
has also. reported -a close resemblance of — 


dielectric properties of PbZrO; and some solid 
solutions of PbZrO; and BaZrO; to the pro- 
alge of barium titanate, and has suggested 
that lead zirconate should be a ferroelectric 
_ below its Curie point 2302 GH rs 
Roughly speaking, the. crystal structure — 
. of lead zirconate is also similar to that of: 
barium titanate, namely it is cubic perovskite 
type at above ihe Curie temperature while it 


becomes slightly tetragonal below the transi- » 
tion point, However the tetragonality occurs, 
‘so to speak, in the opposite sense as. compared | 


with’ the case of barium titanate, \that is c/a 
- =0.988 in lead zirconate? while ‘c/a=1.010 


- in barium titanate. Besides, the existence — 


of a certain type of superstructure with a 
period of three times as large as @ has been 
reported ‘by ,Hoffmann.‘® Now our detailed 
‘ investigations on the properties of this 
material add many contradistinctions’ and 
a consequently lead us to a conclusion that, 
contrary to barium titanate, lead zirconate 


-may belong to an anti- ferroelectric below its 


pension ‘temperature.. ne 


“ture was about an hour. 


~ scopic analysis, a little amount of imput. 


sWe9 


‘32. Preparation of Samples. 


Our samples were eynthessed tc 
ceramic form from PbO or refined PbCO; an 
ZrO,. The equi-molar part of both ingredient: 
were fully mingled and. formed in the disk 
about 3 cm in diameter and of optional thic 
ness, then were preliminarily calcined ” ino 


and the abeatiaiy of the maximum tem 


hard, yellowish brown in colour. By spe 


such as Si and Fe were detected in ZrO : 
chemicals as well as ceramic PbZrO, but 
quantitative estimation have not beet 
obtained yet. hue : Ha eae 


$3. Results of Mich adccntowes: Roa 


1) Thermal Expansion. 
The thermal expansion has been eae 
by a simple dilatometer consisting of several 
silica tubes and an optical lever. The sample — 
of a ceramic pillaret 3cm in length was used. _ 
With this instrument the accuracy of our’ — 
measurement attains to about 3x10-° Fig. 
1 shows (/--/,)//) as a function of temperature, 


‘ where J, represents the length at 0°C. The 


\ 
) | 
1 


heating rate ‘was about ee 
hown in, the figure there is _an anomalous »: 


“decreases monotonously. on. fu 


4 


180304 


é Temp. 1 


| Temp. oan ene rt) i 
: ; e Fig. 2. Didlectsié constant as 2 foacaye & 
Wie es fl of temperature.’ ee ae cee 


e volume change 6V/V during the (a) Shain: Wpegetvinse 


is about ee panels 0.20 a ae 


oy 


to 
“with a ‘resonance fiechda. “The if 
for this measurement were cut out 


sie in éhicietae. The. aieetrOaiek 
ae of gold foil evaporated on to 
‘To: avoid an error due PEDK. 


ple set beside the specimen. Fig. 2 shows 
esult for heating and cooling with a rate 
of about -+1° "C/min, 


ty 


a as “an uitoaieety 
kp corréct the value» 


is transition point the permittivity M 
arcely dependent on temperature, being or 
always nearly 80. A sudden change occurs 


_ On. cooling, the maximum permittivity 
ypears at 223°C succeeded by an abrupt 
‘op, but, nevertheless, it does not fall through 
ie step to the initial low value but stays at 
“certain intermediate value. On further 
poling the ‘second change takes place at 
3°C accompanied by a sudden decrease of 
‘rmittvity and the plots now rejoin exactly 
» the initial curve. 

- Hysteresis Loops and Dielectric Polari- 

zation. 

- To investigate the nature of new _transi- 
on at 203°C,. hysteresis loops have been 
served on a cathode ray tube with a method 
milar to Sawyer and Tower“. A sample, 
yout Icm? in area and 1mm in thickness, 
amersed.in liquid paraffin, was heated by an 
ectric furnace. -Lest the electric loss should 
lise the temperature of the specimen, the 
ectric field was applied each time only for 

short period, namely for about a_ half 
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second. The curves thus obtained at various 
temperatures are shown in Fig. 3. The 
applied electric field was about 17 KV /cm 
(maximum amplitude), and 50 cycles per 
second. . 
Hysteresis character was scarcely per- 
ceived at temperatures below 200°C, but as 
the temperature approaches the Curie point, 
it begins to be clearly perceived. And above 
the Curie temperature it disappears again, 
though the loop does no more recover a simple 
straight line but takes a form of ellipse, 
presumably on account of increased conduc- 
tivity at high temperatures. On cooling, on 
the other hand, legible hysteresis loop has 
been observed over a broad range from 223° 
to 203°C in contrast to the heating case. Just 
corresponding to the sudden change on per- 
mittivity at 203°C, the hysteresis character 
suddenly fades out and loop deforms to almost 
the horizontal line at this very point. } 


150° » 208" 


L10* 20g" 


“208° 233° 


On. Cooking anaes 


Fig. 3. Hysteresis loops at both rising and falling temperatures. 


The estimation of the spontaneous polari-. 


tion is very desirable. But, since the 
ramic lead zirconate was far from saturated 
ider our experimental conditions, we had 
plot the maximum polarization obtained 
the field strength of 17KV/cm in Fig. 4. 
ver the temperature range below 200°C the 
larization hardly shows an appreciable 
pe as the temperature rises it increases 


gradually until at last the maximum value is 


obtained just at the Curie point, thereafter it 


drops very rapidly. Gradual rise of polariza- 
tion at far above the Curie point may be 
understood as an effect due to increase of 
conductivity, while. in the case of cooling, 
the polarization maintains its large value over - 
the broad temperature range from 223° till 
203°C and then it drops suddenly to the 


wih that of barium titanate, the Jatter [ 
about 40cal./mole. C710) Perhaps the 1 
part of the transition energy may come fre 
the latent heat, for from the sudden che 
observed in the’ permittivity etc. the transit ( 
ormously large coercive force, or that it seems to be of the. first order. ti 
anges into another phase of small or no We ; 
ontaneous ee aH at allési’ But. from: ' 22a 


it is very hard to '; 
So- 


60-200 
Temp. °C cant? 
td re 
Fig; ‘Dy Specific heat curve at rising 
temperature. 


‘nyt hg af : 4 
For the measurement | on cooling we ha 
made use. of the same apparatus, though tl 
measuring process is now different in pri 
_ ciples and not at all adiabatic. Since it 
very difficult to take out with a given rate 
known - ‘amount of energy away from t t 
~ specimen, we have adopted a method simi 
to conduction calorimetry.‘ city At ‘first i 
sample was heated i in vacuum to above . 280! 
. and. then. it ‘was left ‘cooling owing. ‘to 1] 
ig. 4: Temperature dependence of maxmum energy loss: due to heat radiation. “Meanwhi 
| polarization Prax for the field strength tees by ‘making use of an electric ' ‘furnace s 
of 17KV/em, The Proig’ scale is 
rather approximate, >. outside the calorimeter, we have adjusted t 


‘temperature of the outer” concentric -eylind 


A Temp. nGe 


the most ape acta means. We have’: at r 
oer measured the specific heat on. heating: 


Pakagi type.‘*? Powdered lead zirconate of” 
out 45g was heated in vacuum in a tain 
glass vessel at a rate of about 0.5°-1 1°C/min. 
One of the results is shown in Fig. 5. As 
might be expected, there is a prominent peak 
of anomalous heat around the Curie ‘pointy 
The transition energy is about 40(cal./mole 
and the entropy change calculated from the | 


‘ined, in such a way asitis always kept 
wer than that of the specimen by 9°C as 
ccurately as possible. Thus obtaining a 
ling rate vs. temerature curve, and, com- 


aring this with the data obtained on heating : 


tig. 5), we can estimate the specific heat on 
doling (Fig. 6). 

Just corresponding to Nhe two Staves on 
poling curves of the dielectric polarization 
‘ig. 4) and of permittivity (Fig. 2), there are 
1 fact two peaks of anomalous specific heat. 
he amounts of two transition energies turn 
ut to be nearly the same, each being 200 
al. /mole. Hence it: seems that the transition 
t 203°C cannot in any way be interpreted as. 
“mere consequence of coercive field. It must 


ea true phase change accompanied bya net _ 


ecrease of intrinsic polarization itself. - 


A 


; 0.5 wt 100 KR 


Fig. 7.. The circuit for permittivity: 
measurement under D.C. bias, 


—— Zera bias | 
eran, be Oe 
—-— 50 Yen 


150-23 -< 250 300 


‘ig. 8, Dielectric constants measured on cooling 
at IMC/sec, and under D.C. bias, the field 
eaece being 2500volt/cm, 5000volt/cm_ 

woe and”, ‘Zero: ae Mele 


5 4 vy 
a’ Wie ie a é 


nsit on. n Lead Zirconate. 


Shi “the glass” ibeci is’ 5) The aches of D. C. Bias upon, ‘the ee 


- temperature, E the strength of the biasin; 
field, and LZ the latent heat. 


to determine, yet it may be said at least 
that our conclusion that the spontaneous 
_ polarization in the temperature range below 


~reasonin g. 


84, Dincaesions ‘ 


Permittivity and the Transition Point. : 
Another support for the transition at ue 


_ £03°C can also be provided by a study of the _ 


effect of D.C. bias upon the permittivity (Fig. _ 
8). As clearly seen in the figure, at above _ 
200°C the permittivity decreases\considerably 
when the field was applied while at below — 
200°C the bias made the permittivity slightly 
increase, and this tendency was just contrary 
compared with the case of barium titanate. — 
Moreover, it turns out to be’ true that the © 
upper Curie point shifts to the higher tem- ie 
perature side with a rate of about 0,0009° — 
C/bias-volt with increasing bias, while the ee 
lower transition point moves downward with — 

a rate of about 0.0007°C/bias-volt. Hence the — 
D.C. bias does surely stabilize the correspond- __ 
ing ferroelectric state between the two transi- 
tions. : 
‘Because of the Apeitiness of the rene 
tions observed in all measurements, both 
change seem to be the first order transi 
tions, and the Clausius-Clapeyron equation 
-dTc/dE= Tc-dP/L may be available at these 
points, where 7c denotes the transition sw 


Upon insertin: 
the observed values into the equation, we — 
obtain d0P=29 microcoul/em? and OP=-35 
microcoul/cm® for the transitions at 203° Cr an 
223°C respectively. Though these values ar 
only approximate, for the precise values 
of ZL and dTc/dE- are both very ‘difficult: 


203°C must either be very small or be entirely 
vanishing is powerfully supported BY. this Rey: 


So far we have given several reasons for: 
believing the following diagram: . 


anti-ferroelectric _ | paraelectric 
ON Basics 


Curie point 


On. COON: Fe etrmmererra ye o 


anti-ferro. | ferroelectric | paraelectric 


The appearance of three succesive states, ie. 
para-, ferro- and anti-ferroelectric, shall be 
noted. 
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(Baw Baan)ZrO, 


"50° 


25°, 


On Cooling — 


/50° (On Heal) 


30° 218° 


Containing 2 mole percent Ti | 


-/00° 


5 ol are" 


—_———+> On Healing 


Fig. 9. Hysteresis loops at various temperatures, 
a) (Pbo.s0 Bao.go) ZrO; (maximum amplitude 40 KY, cm) 74 
b) lead zirconate containing 2 mole percent Ti instead of Zr (maximum amplitude 


5~25 KV/cm) 


c) lead zirconate containing 1 mole percent Ce instead of Zr (nade amplitude 


25 KV/em),. 


During observation of hysteresis loops 
we have noticed that the ferroelectric region 
can sensitively be affected by a little adulter- 
ates. In Fig. 9, the hysteresis loops of lead 
zirconate containing a little Ba or Ti or Ce 
are reproduced. , (Pbo.s9 Bag.o)ZrO; shows a 
clear hysteresis loop and the form is very 
similar, to that of barium titanate. It is 
surely ferroelectric below the Curie point ca. 
150°C, and is corresponding to the results’ of 
piezoelectric measurements by Roberts.“ 
The lead zirconate which contains 2 mole 


percent of Ti instead of that part of ZL. 


showshy steresis on heating over the tempera- 


: 
ture range from ca, 170° to 225°C, -while on 
cooling from 225° to 150°C. On-the lowe 
transition point a remarkable temperature 
hysteresis was perceived. “On the other hand, 
if Ce was contained in lead zirconate, even 
in concentration as little as 1 mole percent, 
the hysteresis characteristic was never dis- 
cerned clearly at any temperature, and 
ferroelectric region was eliminated.’ But a 
characteristic form was perceived at the very 
vicinity. of the transition point 224°C, only 
if a very intense field of ca, 25KV/cm was 
applied. Thus we have seen how substantially 
the characteristic of dielectrics might be 


oN 


iy ‘rising and’ ‘fal! ing temperatures, and has © 
ind the Curie point at 236°C on heating — 


nd 232°C, on cooling, but there has been no 
nomaly corresponding to our lower transition 


he appearance of ferroelectric state in our 


f some impurities in our sample. Perhaps 
im a pure lead zirconate even ‘the narrowest 


appen to occur. The circumstance thus 
urmised for pure. specimens is 


paraelectric 


anti-ferroclectric . 
- —>hi ine temp. 


Sas Pp. SS 


: Curie point 


‘state be realized in one and the same 
material at different temperature range, 


and that — the region of their respective — 
stability be sensitively affected by the im- 


purities. The possibility for. ‘such circum- 
stances, ‘though not strictly. applicable but 
logically similar, has — recently ‘been  dis- 
cussed by one of us. 
vestigated the Stadiorat: ‘phase transition in 
body centered cubic lattice with identical 
and rotatable point dipoles on every lattice 
corner site and highly polarizable but non- 
polar ions on every body center site, and has 


shown that the free energies for both phases, 


ferroelectric ‘and antiferroelectric ones, are 
nearly the same at the same temperature. 
And if the polarizability of body. center ions 
is to be increasing with temperature, such 
a phase transition from an antiferroelectric 
state toa ferroelectric one then finally to a 
paraelectric one - is pee theoretically pos- 
poe: : 


teh 
oe 


perties of lead zirconate, the other knowledge — 


dint at 203°C. We can guess therefore that properties of the solid solutions of PbZrO; 


- and PbTiOs. 
ead zirconate may be caused chiefly because 


region of ferroelectric state should never . 
‘informations and to Mr.» 
assistance with the permittivity measure- “if 


; ! thes 
te seems ‘to us very interesting that a 


Serrdelectric as well as an antiferroelectric research grant. tn 


“(2) -S: Reberts, J. Am. Ceram. Soc. 33 (1950) 63. 


- Takagi‘ ‘has “in: 


_ (6) A. Hoffmann, Z. Phys. Chem. B28 (1935) 6 a 


: (12). Y, Takagi, | 


Beet 
For a rigorous discussion about the Prot isa 


such as that about the detailed: crystal struc- 
ture should of course be taken into account. | 
We are now in the course of investigation | 
on X-ray patterns, ‘on various dielectric pro- ' 
perties of purified lead zirconate and on the 


veThe atithOrs: are indebted to Mr. J. Horr 

for stimulating their interest in this material, 
to Dr. S. Roberts for valuable exchange of. 
A. Takeda’ for 


ments. We are also grateful to Mr. T. Huka- aig 
zawa for favouring of the chemical analysis, ; 
and to Messrs. T. Kuroda and T. Yamamoroe, 
for the gift of ZrO, chemicals. We are 
indebted to the Ministry of Education for. the 
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The temperature change in lattice parameters of solid solutions of 
barium titanate containing 10, 12, 20 and 25 mole per cent of lead tita- 
nate have been studied mainly by the X-ray method for the rdnge from 

. -130°C to 300°C. It was found that the lattice parameter- temperature 
curves for the solid solutions of 12 and 20 per cent lead titanate shave: 
characteristic features as follows: ; 
(1) a-parameter-temperature curves show a considerable linearity from 
lower temperatures up to the Curie point. 
(2) A large amount of discontinuity of a- and parameters takes place 

- at the Curie point. 

_ (3) The superposition of cubic lines upon tetragonal lines is observed in 

a temperature range near the Curie point. The lattice volume ces 
from tetragonal phase shows an abnormal contraction. 

These results are not explained by the Devonshire’s eee in its 
original form, but they can be explained fairly well: by using he order 

E approximation. are : 


lead titanate whieh were prepared by si 
ing the mixtures of appropriate ratio 
BaCO;, PbO and: TiO, at about 1200°C. 
the purpose of X-ray measurements these 
were ground to plates with the thickness ¢ C 
about 0.4 mm and the area about 4x6 m 


possess a ferroelectricity similar to. bari- order to establish uniform ‘techperabare 
titanate? According to studies of tribution and to obtain correct values _ 0! 
irane and the present . author,‘ barium- temperature of samples. 7. 
ah le titanate ceramics show a temperature _ For high temperature X-ray) ead 
; electric furnace was specially designed w: 
_is of so small heat capacity that the des 
temperature can be reached ina very sh 
,time. As to the attainment of low tem 
ratures, we have used a low temperat 
micro-thermostat of the type as descr 
aran eter: Plies tae curve for. these solid by Ubbelohde and Woodward. _ The sa 
6 utions, especially near barium titanate is placed in a chamber which i drilled” 
side, have characteristic features which are copper rod, the latter being» attached 
like neither to pure barium titanate’ nor Dogan of. a vessel filled ag ac 
pure lead titanate. The ‘present author, 
therefore, intended to make an X-ray study 
pecifically on barium- lead titanate contain- 
ing relatively small lead content, and tried - 
some _ theoretical considerations on the re- | 


‘sults eXperimentally obpainied. Pee a perature was bce ie iopte CC 


ther co 0.25 1 
82. ~Experimental procedure: oe ble t 2 nae ae 


; Specimens are ceramics forming. solid 
‘ solutions of barium and lead titanates con- accuracy was ‘within +0. oe I 
_ taining 10, 12, 20 and 25 mole per cent OF os The Pare photographs 


wel {431} 
The Curie points of the samples were 


by the Debye photographs taken by the 
mperature camera. For the purpose of 
mparison an aXe -ray measurement was made 
piso on pure barium titanate. 


3. Experimental Results. . 


ie - High temperature range. The xX. -ray pinto: 
sraphs revealed the fact that all the solid 
‘solutions examined have tetragonal  struc- 
tures from room temperature up to the Curie 
point, and ‘cubic structures of pordvskite : 
pea -bove the ‘Curie point, In Fig. 1 we 
ow the temperature change. in lattice para- 


in axial ratio c/a. In the latter figure, ab- 


grees absolute divided by the Curie point 
Ec). of each _ specimen... The solid solution 
f 10% lead ‘titanate shows a lattice para- 
eter-temperature curve which is similar to 
hat of pure barium titanate, but, when the 
lead content was increased to 12%, the follow- 
ing three new features begin to appear : 

er); ‘A considerable linearity of a-para- 
meter-temperature curve was noted from 
om. temperature up to the: Curie point, a 
haracteristic which is in contrast with the 
curve for re barium titanate. 


: ‘point. 


Hey eeae he saseenosiiion of cubic lines 


upon: tetragonal lines is observed in a tem- ~ 


perature range near the Curie point, which 
shows the possibility. of a coexistence of two 
phases. As the temperature is’ raised to 
: bout: 10° below the Curie point the cubic 
lines | begin to appear superposing on the 
tetragonal lines, and the nearer as approach 
to the Curie point, the stronger become the 
cubic lines, -and the tetragonal lines become 
weak, reducing the tetragonality. it 

7 Those ‘characteristics remain by the solid 
solution of 20% lead titanate. For sample 
ded with the lead titanate more than 2524 
also ne) pure dead titanate, however, the 


ermined by dielectric measurements as well 


‘meters and in Fig. 2 the temperature change 


Cissa is the temperature expressed in /de- 


kG) sao + arge amount of discontinuiy of _ 
q-and_ ers ae: ‘Place at Sune) 


20 100 
- Temperature (°C) 


260 


Fig. 1. Lattice parameters as a function il 

of temperature. ; 

_ The upper branch being c, the lower 
branch a, of tetragonal phase. 


Led 
\ 


4/ Te: 


Fig. 2. Axial ratio’'as a function of “se 
' temperature. 


range fect: room eaiper seus up to ‘the “pany 
Curie point disappears. +h 
Fig. 3 shows the lattice volume: tempe- 
rature curves calculated from the curves of | % 
Fig. 1.. The volume expansion coefficients of al 
solid solutions are approximately equal to Brel 
that of pure barium titanate, namely 2.0x10%  _ 
deg.-! in the tetragonal region and 3:8x10> 
deg.~* above the Curie point. As was stated . 
previously, there coexist two phases near the 
Curie point: by 12 and 20% lead titanate. 
The ‘lattice volumes calculated from tetrag- 


int C Ch), 


Unit Cell Volume 


Temperature Sao 


" Fig. 3. Lattice volume'ag a function of 
; temperature. _ 


Ee 1294 feat titanate haying Curie point at 
; about—90°C takes place as follows: ‘as the 


d temperature is lowered the separation of — 
~ {510}. {431} lines become larger, indicating — 
~ large tetragonality, wherein the linearity of 
the temperature change of a-parameter is 


_ maintained. But when the temperature at- 
tains below the lower transition point, these 


internal stresses” en to complex dome 
which develop when the crystal transf 
from tetragonal to orthorhombic. struc 


This explanation will be applied in. our Ci 


of the solid solutions also. 


S$ 4, iar ighione 


Devonshire has developed a gene 
phenomenological theory and ‘succeeded 
obtaining general relation among dielect 
and elastic properties as- well as -lattic 
change of barium titanate by assuming 
expression of free energy containing u 


_ the fourth power of polarization. But it 
found that the present result, “described 


above paragraphs, can not thoroughly 
explained by his theory in its original f i 
in many ‘respects. For instance, the tem 


ature change in lattice parameters of 
» solid solutions of 12 and 20% lead tita 
‘have, as is stated above, characteristics 


alike to that ‘of pure barium titanate. 


-ly, the a-parameter changes | with ten 
ture almost linearly in the tetragonal 5 


and moreover the volume of the tetrag 


lattice: shows an abnormal contraction 


the tetragonal-cubic transition point, ie. Co 


- tracts even below the | extrapolated 
of the cubic region, the facts being. in 
- tradiction to. the theory. an 


' In order to make pias dis 


“more. clearly the quantity C-Aolfa-do 
_ is, in Devonshire’s expression, a 
_ was calculated from the curves sho 


d, break ao is Dats ey, to. 


the aboolaneY cesetiauiariean are say 
_ Curie point (Te): of each specimen. 


From the form of. the free ‘energy 


_ by Devonshire’ it is concluded 1 that | 
a constant independent. f t mper 


determined by the material consti its. 


‘not hold strictly. for. all. specimen, ‘By 
barium ~ titanate [ele value 


et Fig 4. ala as a function of eae ats 
"very steep near ine Cutis point. - 
-we have ‘shown also the values calculated 


_ which. are. in accordance. with our results in 
their general trend.- By pure lead. titanate 
until very near the Curie point. On the 
es are’ constant over_ large temperature range 


from lower transition point, and. they decrease 
Say, near the upper transition point 


pure barium titanate. 

aan order to Seer ii these observed charac- 
teristics showing deviations from the theory 
in varied ways, it seems to be required to 


"energy expression. We tried therefore an eXx- 
tension of Devonshire’s theory by making it 
to include terms up to sixth’ power of polar- 
ization in the expression of the. free energy A 
as follows: a Candis < 


Az = 3 ee! +H? of Ra yas cular ZeXm fetta) 
ae e é ig + yous tye ast) bye 


“ : i “ +4 a "PA queeP? A dulteP? +yP2’) 


“4 Prise reinr, . 


a4 as Pat t phil Pe 4NP2). 


x 


“where the: ast ‘four terms. are oe newly 


> where 


in thie figure 


- from: the data by Kay® and by Megaw‘ ~ 
with experimental results can not be 


- the tendency of decreasing is maintained © 


_ other hand, by the solid solutions |2-/%2| values — 


in contrast with. ust increase observed. for 


take: account. of higher terms in the free. 


arith SOE Noa is thee expressed 2 as. 


s ea DOS ie bP? 
Xe Vy a ct+dP2" 


Pe, 


where ‘ 


a= (Cu Cis) (911 +2912), 

b= Ge Cio) Cis 42h) Gi 2a 
C= (C1 C45) (Cr+ 2C12), 

. d= Geno) Ruteukis. 


Similarly, z2/x» vs. 
obtained as 


polarization relation 


Za BP? 


cs 7+0P°’ 


a= (Cut ew)Ju= 201912 
B= (Cuter) —2Crohtsg + 9rsFion 
ts = Cio914— C19 105 

0= Colts Cults Soke 


Though the comparison of these f 


on account of many material COl fe 
cluded in the formulas which are unk: 
experimentally at present, we can é 

least as below that the general trend 
experimental curve is qualitatively W 
plained by assuming eet ce 


Fig. 5 a. %e+¥y+4 as a function of square ¥ 

of polatization. % 

b. Z/x; as a function of square of 
polarization. 


= : 


It is:assumed a>o, bo, 
“then we obtain the curve of 


iin vat asa “function of pues 
of polarization. — ; 
2! %en asa function of square, of 


‘ 


‘this point. This fact just corresponds to the 


feature of temperature change experimental- — a 
ly observed in lattice volume near the Curie 

point as shown in Fig. 3. cs 

As to the temperature change i in alte 

if we assume 
Gye bcs, 7 20, “af ‘ 


then we obtain the curve shown in Fig. 6b. _ 
This explains well the features seen in Fig. © 
4. It is again noted in this case that the — 
above restrictions given to ‘these constants 
are all consistent with.each. other. CR te ie 
From the above consideration we. can. see ‘a 


that the experimental results reported in the +t 
_ previous paragraphs are not contradictory to= 


the general thermodynamical relations. 
The author expresses his sincere thanks 


to Professor S. Miyake for his kind guidance =, : 


~ 


in the course of a Tesearch,: Re ete) a 
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' Jepidocrocite, 
sau #0, ite Fe30,. 


_ Salts: 
phous to Al(OH). 


$1, “Introduetion. i 


Ordinarily. when a piece of iron, is im- 
ng ee eA in’ salt solution, a yellowish. brown 
in rust, 7-Fe,03.H.O, is formed, but i in some case 
a reddish brown rust, a- Fe,0;.H, O, appears. 
Deiss and Schikorr verified by their ex- 
periment that the former is formed from 
Fe(OH), when oxidation took place slowly, 
while the latter when it is rapid. They as- 
sumed a corrosion- ees of iron, to be as 
follows : ? 
cL “When iron is. corréded, F e(OH), is 
formed at first.. 
(2) If the supply of oxygen is Mundane 
vOE ‘e(OH), changes to’ ‘amorphous ferric hydrox- 
ide, Fe(OH);, and crystallizes. in the form of 
— o-Fe,O3. HO. 
_. Q), If. the oxygen Sunnie is Es -abun- 
_ dant, Fe(OH), is oxidized ‘partly to Fe(OH); 
and the latter combines with the former to 
is ass green rust. |. 
3 pre e(4) A nes green rust in the process 3) is 
cae _ oxidized to 1-Fe,0;. H.O, hicn excess oxygen 
x ais. tae: : 
mon ‘The green cust ini °) a itines with 


A Study « on ae of Iron- by Means of 
Electron Diffraction.* 


By Ryuji ABE. 
Physical Institute, Nagoya University, Nagoya Japan. 
eee ens fahe February 24, aa 


A systematic study was made on corrosion- Wats of iron by means 
‘of electron and X- -ray diffraction, with the following results ; 

When metallic iron is immersed in salt solution, BinorsHods white 

precipitate, Fe(OH, is formed as the primary corrosion-product. 

(1) Fe(OH), thus formed changes into lepidocrocite, y-Fe.0;.H,O, 
_when pH of the solution so very low and oxidation takes place rapidly, 
‘a while under usual conditions it is oxydized partly lepidocrocite, which’ 
3 vido ee combines with the remaining Fe(OH). to. form green rust, 2FeO.Fe.0;.H,0. | 
a Beal OS 5 if (2) The green rust is oxydized, under usual conditions, to lepidocro- 

‘ cite, while in case oxygen in the solution is. less, it changes partly to 
which combines with the remaining green rust giving 
On the other hand, when pes is accelerated by 
: 20s, it changes to haematite, a- -Fe,Os. ee 

; BERS ep ty eh, (3) Goethite, «-~Fe,03.H,O, -was' never observed in corrosin-products 

ighad ay Dad 28 _, of metallic iron, and it was concluded that it is formed only from ferric 
; for example from the unstable yellow substance, which is pre- — 
y cipitated in aqueous F eClz solution under certain conditions. : 
(4) This very substance was assumed as $- Fe.03. HO by Weiser and 

Milligan, but it is more reasonable to identify it with Fe(OH); isomor- 
Its unit cell was determined by X-ray ‘data = Mond: 
» Clinic, a=8.99, DS 5,12, c=9.92 and $= he oh 


mical reaction ee the green rust apes 


_ because green rust should. not be forme 


345 


Fe(OH), to eis magnetite, FeO 
ygen is insufficient. 


tion, > snd ‘concluded that the chemi 
mula for the green rust is 2FeO. Fe,( 
He supported Deiss | and Schikorr’s I 


with it. It was pointed out by the au 
however, that it contradicts with the 
perimental result that they observed 
color before the formation of a-Fe,O5.F 
the process (2). PC 

The author extended Yoshioka’ s experi 
ment to remove the contradiction and 
obtain a more reasonable explanation of cor- 
rosion process. In this paper a short sur 
mary of his experiments and conclusions is 


* 


¢ Q ita 
* The expence of this study was defrayed from 
the Grant in Aid for Fundamental Scientific Re- 


search of the Educational Ministry. 


Formation of Green Rust. Sas, 
When aqueous 0.126 NaCl solution, pre- 


with pure iron electrodes, a white 
pitate appears around the anode. This 
- is Fe(OH),, and immediately oxidized 
exposed to air. The author tried to 
ow this substance changes when ox- 


a 01. gr/cc) was added to the 
i make thin films containing F Lor 


zy nantles at about 30°C with a caging | Fig. 1 
lensity of about 100 mA/sq.cm, a . { 
precipitate Fe(OH), was sucked up 4H,O are present besides those SE the seed 1 
oh a pipette and Rint on i a thin rust. The former lines gradually decreased j 
in intensity after every exposure and. only a 
a those of the latter remained in No. 4, after — . 
( tuick f fifty minutes exposure. Though in No. 2 and bee 
ea No. 3 a few lines coincide with those of % 
‘magnetite, the existence of the latter Jisgun- 
certain because some of its strong lines are 4 
absent. In.No..5, after three days exposure, 4 
the green rust completely disappears whe, us 
T.RS. predominates instead.” Sn: 
From the above observations it is fos / 
posed that at first 7-Fe,0;.H.O i is formed by 
the. oxidation: of Fe(OH)., ‘and then it com- 
bines gradually with | meets to form: | the Si 
es ) horse rust. : pea 
the specimen, at first, greenish white, Ons pu sengry ai 
y turned green after each exposure, $3. Oxidation of Green Rust. Nae Tan 
10 other color was observed even after 


ne 
a posure. The experiment was re- green rust es in aaeene to Deere. 
ew times and the results agreed - when the supply of oxygen is poor. and to 
other qualitatively. The diffrac. 7-Fe,0;.H,O when it is abundant, These ‘ 
ee for each exposure is illustrated facts were verified by Yoshioka? and again. ; 
by the author. The latter observed, -more-. | 
over, another reaction when. the -oxidatior ie 
ca takes place very rapidly. fe a ee i: 
i the bheeeeen pao are analysed yoke an the solution, oe as ‘defore, 
ssigned to the four components, i.e. the i 
sen rust, r-Fe,O;.H,O, FeO, (or +~-Fe,O;) 
and T.R.S.*, denoted respectively by G, 7, M 
-T. The pattern of F e(OH), seems to be 
present in none of the diagrams. This may 


* ; : 
due to the smer ogous nature of Fe(OH)... 4 ie se xe = a aoe 
Yoshioka‘ proposed eee it is an im 
_ of magnetite, — WMS Or 


\ Cae “The fee acdc was Nain 
to diffraction test. and was identified as 
_a-Fe,O;. The observed color agreed with 
that of a-Fe,0;. It is thus verified that 
_ a-Fe;O; is formed from the green rust- when 
the latter is oxidized very rapidly. 


The author could not obtain a-Fe,0,.H,O 
at any stage of experiment of electrolysis 
_ mentioned in the previous sections. To pro- 
- duce this rust and study the process of its 
formation, an experiment was carried out 
a according to_ Weiser and Milligan’s method.» 

_ They [reported in their paper that a yellow 
precipitate was formed at first when aqueous 
‘FeCl; solution was heated at about 90°C for 
har few. days and that it changed gradually to 

reddish brown rust, a-Fe.0;.H:O.. They con- 
sidered the yellow substance to be a kind of 


_ ferric hydroxide and named it @-Fe.0;.H.O, 


because they verified that it is not identical 
~ with any compound of iron containing chlo- 
, rine. Moreover, they concluded by their 
'. X-ray analysis that the substance might have 
_. an. orthorhombic lattice whose unit transla- 
tions are a=5.28A, b=10.24A and c=3.34A. - 


Table I 


| Yellow substance — Fe,(OH)s 


Electron. calculated 


a) X-rays : é 
by d | I/d 


index 


(101) 
(101) 
(002) 
(110) (200) 
(111) 

(111) 
>(112) 

| (202) (112) 
(020) (310) 
(004) 
(400) (220) 
(222) 8) 
(321) 
(321) 
(224) 
(404) 
(600) 

| (602) 


| 0.145 
0.154 | 


(040) 


§ 4. Formation of a-Fe,0,.H,0 and Fe(OH). | and X-ray patterns of this substance agreed 


_ Weiser and Milligan. The results are giv 


on Ll Li | ul i 
| Ll 


0.4% 05 2.6 2.7 0.8 


on 


Fig. 2. 


The author obtained the yellow precipitat 
by the same method. Electron diffractic 


well. with the X-ray pattern obtained by. 


in Table I and illustrated in Fig. 2. This” 
substance changed to a-Fe,O; after heating: 
in vacuum furnace at about 350°C. for ar 
hour. Tt may change gradually to a: 2 


ent experiment. 
Although a ue Fe,0; HO ® ‘ 


wie rveeal structure © for! Fe,O3. ak ot e sry 


quate to the unit cell given by them in 
of the fact that the close packing of oxy 
ions decides the crystal cell. The au’ 
‘prefers the formula Fe(OH); for this substé ce 
by the following two reasons: 
(1) It is known that the crystal. struc 
tures of certain iron and aluminium oxides 
and hydroxides are isomorphous © to. each. 
other. . Assuming the yellow sibsaneen 
F e(OH); and to be structurally ie 


Pable II Ax 


Substance | Symmetry | a b | Ro 4 
AI(OH)3 | monoclinic |8.6236 5.0602 9.699 85°26) 
Fe‘OH)s | monoclinic |8.99 5 12 | 9.92 Ge 


BiG, 

(2) The density of the yellow substance, 
3.12+20.1 cited by Weiser and Milligan, is in 
better agreement with that calculated from 


‘the above lattice constants, 3.145".than that 


calculated from the Weiser and Millie ‘s 
values, 3.245. f 

It was difficult, however, to calculate hes 
intensities of the Debye-Scherrer rings pre- 
cisely on the basis of the assumed crystal 


Table III 
Corrosion process 

in Fig. 3a | in Fig. 3b 
-by , |by Deiss and 

the author | «Schikorr 

| (4) 7 i 

(4), 6), (6) | D, QD 

| (4), (5), (7) 

BS hte (5', ® 


y EW H.O. It is ‘certain there- 
a very small amount of 7-Fe,0;.H,O 


n% 


“final Ge hiiate was “identified to bé . 


the diffraction study. 
: 7~8. This is the case of neutral 
piotialy described. The cp prod- 
e 20s, H.O or Fe,Q,. 


i het is Fe,O, as revealed by its 


a and. color inherent to Fe,Q,. 


ay When a-great amount of NaOH was 


ded to the solution, no precipitate was 
ectable by naked eye and the anode 


scussion ‘and Suyanlen 


rom the above experimental results, 


(1), (ID), (IV 
(1), (II), (V. 


Eve: 4~5, The precipitate ; ae 


reasonable one. The: old and ae Poteet 


__ process (11). 
- position which may occur when F Fe(OH): is nkates 


schemes are illustrated schematically in Fi ig. 
3a and 3b. In these figures solid lines in- — 
dicate oxidation, dehydration or both and 


the dotted lines ‘indicate association or dis- 


sociation, The main points. of revision and . a | 
the reason for it are as follows: 3 


. Fig. 3a. The revised scheme by the Shon 
planation of the processes (1), (2) and (3) are - 
given in §4; (4) and (5) in §2 and §3; (6), (7), (8) — A 
and (8') in §3. No description is given in this paper 
for processes (9), (10), (11) and (12), See reference is Fix 
(7) for the processes (9), (10); reference (2) for the - 
The process (12) is given by a sup- © 


in vacuum. 


} Fig. 3b. The old scheme by Deiss and Schikorr. ty 


{ 


(1) Fe(OH); in Deiss and. Schikort’s ‘ 


scheme. was substituted by 7-Fe,0sH,20. - ine ‘ 


the present one. The experimental result i 


_ $2 supports this revision, because 1-Fe.0.H.0 " 


was observed before the ‘green rust | was) 
formed from Fe(OH)». A proof for this con- 
clusion was. also obtained by the following 
experiment : » When 7-Fe,0..H,O and Fe(OH), 
both prepared. separately, are “mixed. under 
little oxygen supply, the color of the mixed — 
solution changed blue gradually. ‘The diffrac. 
tion pattern of the blue precipitate. was. the | 
same as that of the green rust i.e. 2FeO. FeO; k 


_H,O. This proves the formation of 2FeO. .F 6200. 


-H.O by the. combination of 1-Fes0;.H,O- and | 


Fe(OH). It is suggested through this. joe 


vation that, the inherenk amsae of aFe0. Fe,0; = 


may be due to the admixture A a ‘dovall amount 
of the yellowish brown rust, 7-Fe,0;.H.O. 

(2) - A new reaction was added that the 
green rust changes to’a-Fe,O; by abrupt 
ot oxidation | as in $2. This may remove in- 
consistency in the old scheme described in 
the introduction, ie. the green color was 
- observed before. a-Fe,0;.H2O is formed. The 
a author infers that the final product in this 
_ case may not probably be a-Fe,0;.H,O as 
' reported by Deiss and Schikorr, but its: an- 
_ hydride. This. interpretation may be reason- 
able, | since ‘HO, is not so. serious in the 
chemical analysis carried out by them. Thus 
‘the most important inconsistency of the old 
3 scheme is removed. : 
(3) In the present experiment, 1-Fe,0, 

HO was never formed in the corrosion pro- 
GESS.< ‘of pure iron. The author infers that 


; only 7-Fe:Os. H.O is formed directly from — : 


Fe(OH), by oxidation. a-Fe,0;.H,O may be 
- produced only from ferric salts, say FeCl,, 
i as described in $4. It ‘became clear that 


: te S 2 th sf Ny pee Table IV, Tron oxides and yoponigcs 


ferric salts change to Fe(OH), 6 


Teter ence: 


yefore th 
formation of a-Fe,Os. H.O. i 


solution is varied over a wide range. T 
effect of pH is only to change oxidation + 
locity: Fe(OH), and 2FeO.Fe,0;.H.O are 
idized the faster, the more acidic the solutic 
is. Though the reason for this fact is 
clear, it is likely that the basic substa 


$7. Acknowledgement. 


aft |. Chemical | Space Lattice 
sap Valence. | formula £0 lor group Symmetry constants 
FeO Black 0% ‘Cubic a=4,332 


ae cole ~.|.. White D3; 


Xe 


a=3.24 


Hexagonal C4 a7 


| y-Fe,0;.HO | Yellowish — 


bi : : a=5.305, 
a 2Fe0, ee 11,0 Blue Orthorhombic | b=3.160 
iy AE CeTe3d 
he F 50: 3 q ‘ 7 é fed on fabs 
__ Magnetite Black eect ait Cubic . ea ees 
FeO Reddish oN jy cg ip = 54135 
#H ematite 2 brown | ‘Dia Hexagonal = 55°17" Wyekort® : 
+-FesO3 oe ‘Cubic a=8.30 Wyckoff 
ape Ps | ae a=4.64 ; 
ee ee ee reddish vis | Orthorhombic |) b=10.0 
Hes Tae |» ¢=5.03 


Pie 


an element in two ‘different oxidation states. 


ma? |) tat ‘color of the. compounds in such states is deep an intence: 
ee Color: ¢ of iron oxides and hydroxides | is shown in Table TYyh 


TEUEAT Pak | 3 4 iN! 
-* <*| Lepidocrocite brown w 
pastioes pe | © Fe(OH)s ; Yellow Ch, 


a=3.87 
~ b=12.4 
| c=3.06 
a=8.99 
b=5.12 
c==9.92 
B=86°34' 


Ortnorhombic 


Monoclinic Author 


r » TEETER EET SEREEEEE 
Bcc Po Pauling noticed that the ves intence color is Sate obser oa for a “substance which contains. 
In case of iron oxides and hydroxides it was also observed 


2Fe0.Fe,03.HsO is blue and Fe,O, black. Z 
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Ni 


Fe 


oe _ mains as before. 


diffracton transmission method. It 
‘that the size and shape of the 
" differred according to the, method 
reparation, and although their crystalline 
icture remained the same, rhombohedral 


2 ape of the particles. The change of 
hes of chromic oxides observed by Sj S. 
id. ne seems to have some connection with 


‘ine powders of chromic oxide prepared 
put in a two per cent amyl acetate 
‘ batidion ’ of collodion and well dispersed. by 
trasonics of 400kc for about a minute. A 
p of this solution was pipetted upon the 


Pleien Microscope and Diffraction Studies ae F ue is ‘, 
of Chromic Oxides. Lie; 


By Riitsu Takai. 


Government Mechanical Laboratory, Sumiyoshicho, BF warns Mee 
Suginamiku, Tokyo. A ie, Sy eee 


eines February 27) 


“Thess ae: gsm and éxystallinity : of chromic. oxides, petbateds by | 0g 
“various. methods have been ‘studied. The particles of chromic oxide 
‘obtained by the calcination of chromium trioxide at 400°~1300°C are.of. - 
granular and irregular shape, while those obtained by the calcination’ of a 
fluid mixture of chromium compound are plate-like, often exhibiting 
hexagonal shape, the flat surfaces of these crystals being parallel to (001). 
Higher calcination temperature up to 1600°C merely increases the size of © 
2 the particles, so that the distinction ibetween the. two Tnte in shape re-— 


ed by an electron microscope and © 


; was available. “tee " Bee a 
, their diffraction patterns varied with a: 


relative intensities of. the x-ray. diffraction 


x - ; y - 


electron aiirantion ‘Apparatus ih this, oas case 
flat peutics lie “ale to the colle film. 3 


seed Spent 0. 1a, no diffraction pattern , 


an Samples Obtained by Heating 
Chromium Trioxide. 


The shape of the pariteles: et ‘chromic 
oxide obtained by calcining chromium trioxide — 
at a comparatively low temperature ‘was of 
irregular form as seen in Fig. 1. The in-— 4 


tensity distribution of electron iffraction ae 

rings of it (Fig. 2b) resembles — reer 
x-ray diffraction given by Hanawalt Fig. ia 
2a). When the calcining temperature. ec me 
higher, the particles grew granular at first — 
and. then larger in size, but did not: show a 

well-defined pe apa a ee . 


1951) 


at 600°C. 


Hey iA). 


Fig. 2. a, An x- ray diffraction pattern of Cr.O3 
by Hanawalt. b,c,d; Electron diffraction 
patterns of the samples shown in 
Fig. 1,4,5, respectively. 


frig. 3. CreQz3 Sbtaided by calcining C103 
; at 1300°C. 


$4. Samples Beetaped Oiieinise. 


Fig. 4 shows the sample obtained by 
calcining a mixture of chromium trioxide 
and alcohol at about 1100°C, and Fig. 5 
shows the sample obtained by calcining a 
mixture of sodium dichromate and sulphur 
at about 1100°C. The shape of the particles 
is hexagonal and plate-like. Their e'ectron 
diffraction patterns are given in Fig. 2c and 
d, respectively. The relative intensity of the 
reflections from (110), (300) and (410) in Fig. 
2 cord is exceedingly stronger than that in 
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Fig. 4. Cr.O3 obtained by calcing a mixture 
of CrOz; and C.H;OH at 1100°C. 


Fig. 5. CreO3 obtained by calcining 
a mixture of NasCr,07:2H,O 
and S at 1100°C. 


Fig. 2a in comparison with the reflection 
from (116). This gives a proof for that the 
c-axes of the crystals, which were perpendi- 
cular to the flat plate of the particles, were 
generally parallel to the electron beam in 
these two.samples. In fact, hexagonal N- 
pattern was often observed. Similar results 
were obtained when potassium dichromate 
was used instead of sodium dichromate. 


$5. Conclusion. 


From the experiments described above, 
it became clear that the particles of chromic 
oxide obtained by calcining chromium trioxide 
in the atmosphere are of granular and ir- 
regular shape, whereas the particles of 
chromic oxide obtained in other methods by 
calcining a fluid mixture of chromium com- 
pound are hexagonal crystals having plate- 
like shape, with the surfaces parallel to (001). 
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Space Charge Effect in the Oxide Cathode Layer. 


By Takuzo SHINDO. 
Electrical Communication Laboratory, Tokyo, Japan. 
(Received August 1, 1950) 


It was concluded theoretically that space charge may be formed in 
the oxide cathode layer near the surface, when electric field at the 
cathode surface is sufficiently strong so that the diode may be regarded 
to operate in the Schottky region. The calculations are carried out for 
one-dimensional model and neglecting the interface layer, which exists 
usually between the base metal and the oxide coating. 

As the result of this space charge, the slope of the Schottky plots 
are several times greater, than that predicted by the Schottky theory for 


metal surfaces. 


This space charge may be responsible for the microsecond emission 


decay observed by Sproull and others. 


$1. Introductions. 


As is well known (BaSr)O cathode is an 
N-type Semiconductor having excess Barium 
atoms as the active centers and its thermionic 
emission is well understood by the Nijboer- 
Wilson model of the semiconductor. The 
oxide coated cathodes are usually prepared 
first by applying carbonates of the alkaline 
earth elements to a base metal and then 
converting the carbonates to oxides in 
vacuum. Thus an interface is formed between 
the base metal and the cathode layer. 

In the steady state condition of the 
- thermionic emission, the electrons are brought 
into the oxide layer from the base metal 
through the interface, flowing through the 
oxide layer and then those having a sufficient 
energy to surmount the surface potential 
barrier are emitted to the vacuum. When 
the anode potential is raised enough, the 
emitted electrons are readily collected to the 
anode without forming a space charge 
between the electrodes. 

In this paper, the writer intends to point 
out theoretically that a space charge may be 
formed in the oxide layer and some of the 
experimental data can be explained as an 
effect of this space charge layer. This space 
charge may be responsible for the micro- 
second emission decay which was observed by 
Sproull and others.“ 


§2. Fundamental Concept. 


The electrone mission from an N-type semi- 
conductor having electrons in its conduction 


band follows the well known formula 
See HE shoe 
f= en-Do/ ae e-kT=en" 9), (1.1) 


where j is the saturation current density, F is 
the Boltzmann constant, T is the cathode 
temperature in °K, e and m are the charge 
and mass of the electron, x is the height of 
the surface potential barrier and D, the mean 
transmission coefficient for electrons at the 
emitting surface. 

In the presence of an electric field E at 
the cathode surface, z is lowered proportional 
to /# as a result of the Schottky effect. 
Disregarding this effect, however, the current 
j is entirely independent of the electric field 
E as seen from the equation (1.1). But, on 
the other hand, the continuity of the current 
j in the oxide layer requires a definite 
strength of an electric field to act across the 
oxide layer. This electric field will not in 
general be in accord with a field which may 
be produced by applying certain amount of 
potential differences between the electrodes. 
Thus, in general, a space charge will be 
formed up in the oxide layer so as to fit into 
the continuity equation. 


For simplicity, we shall disregard the 
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, ta ee. 


existence of an interface layer between the 
| base metal and the oxide layer, but the 
} inclusion of an interface layer will not cause 
any difficulty to our theory. 

Considering a one-dimensional model of 
the oxide layer (as shown in Fig. 1), the 
' current 7 is determined by an equation :‘” 


i= en-pEO—ep a 
J Le (i eD ax 7 


where 


#: the mobility of the conduction elect- 
rons, ‘ 


Esk +E | 


i Damier 1 actic field produced by ie con- 
~. duction electrons, © . 
E*: a field produced by the vacant active 
centers whose mobilities are con- 
sidered to be zero, 
'.D: the diffusion coefficient of the elect: 
ex rons. | 
- The j current in equation a. 2) is determited 
_ by. the equation (1. 1), so that the equation 
: (1.2) can be regarded as an equation for the 
- electron density x. The fields E- and &£t 
_ are in turn related to the charge densities by 
the Poisson equations :* - 


a _ Mey LO 
dE* 


Vag) 
dx Tee (Mm: ee 


4me Lael Shred 


where ‘é is the dielectric conptant of the 


oxide. 


Thus the resultant field ES. is obtained: 


- by the equation 


Babe =m] [ fr f(@ natees) 


where Evi isa eaesiant of integration. “Insert: 


ing Eas. d. 3) and AGE 4) i in (1. 2) and putting — 
Keats aes een a eC) 


PENS , SNES caaiet 


weobtain an requnion' ‘to determine the 
electron distribution’ in the oxider layer: 


aout ata f jet i) Dwell, a 6) : 


| ers nf. or 7, is determined: by” Ex, (1. 1), im 
which »~ is obtained from the. value of f(x): 


at ie putface: of the cathode.**. 


| (1,2) = 


‘by a numerical method. But for the present Bo 


"where Gn is a small quantity of the nth order, 


G4) has sufficient accuracy in Our case. 
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$3. Integration of Eq. (1.6) 


In solving the Eq. (1.6), it is convenient Re 
to introduce a function defined by 


laf @=en” 


Then we obtain an equation for g (x) 


Ce 


Te! = [er Dp | dg 
Ne” =[( 1) dx+Eo+ aN de® (2:2): i 


Differentiating with respect to x and denoting ¥ t 
the differential coefficients with the primes 
we obtain ; : 


gy! —gerg'— 1 A—e9)=0 
lo” (2.3)8#* 

q=I[DN, =el/uNokT Se ae a 
ile = 4No|D= eNo/ RT. : : re ie 


This is an exact differential equation for fies re 
electron distribution which can only be solved — po 


purpose it will be sufficient-to solve the — 
equation (2.3) approximately under the as- 
sumption | g| <l. Introducing a new variable 


Pe lo and j= da etc., 


Eq. @ 3) is transformed into 
G-Qeg— 1a) =0 dees | 
a mt oN Neer ie ee 


a e! 
\ ages RNY Sa 


Expanding the function y in a series . 


J=IANTI tb - 5 


go being determined ca 
Jo Q9o= 20 5) 


The linearized equation: (2.5) can te easi 
integrated under appropriate boundary con 
tions and, as will be shown later, Eq. | 


* In deriving Eq. (1.3), the positive ions are coh: 
sidered to be uniformly distributed across the oxide 
layer. and the conduction electrons has a ane | 
n, in’the absence of an external field. RUA 

** Strictly speaking, n- in Eq. (1-1) should be 
determined” from the total amount of the free ele i 
ctrons found in a layer below the emitting surface, 
whose width is equal to the mean free ‘path of the — 
conduction electrons, . If, however, function’ nx) and 
hence f(x) varies slowly with x, aS in our case, > 
may “be determined from. the: value of Fay at. the 
surface of the cathode. 

*** The diffusion coefficient D is related to the 
mobility « by the Einstein relation, »/D=e/kT. 


: ye the electron density in the oxide layer 
must join smoothly to that in the base metal; 


ae condition, 
go=0 at X=0. (2.6a) 


Lt Bihe emitting surface we must require 
nother condition, such as: 


Joug. at X=L= Ilo, 


there 1 is the thickness of the oxide layer 
ee Fig. 1), and g is related to the current 
ith an Eq. (1.1). The solution ‘of the Eq. 
_ (2.5) under these boundary conditions can be 
ey ained at once 


wee 


ee 
4 —- (Q-V QE). 
ic sally we can neglect the second ferent 
and take 
| Go=querwtt iat an (2.7) 


oe iS: a ae of the Eq. (2. 5) ee 
- Resultant field E,“” is obtained from the 
1.4) which in the first appbostnalicn can 


= =M(—f' het B), EO = cE, ee 


. To determine the constant E,, insert 


3). and (2. 9), ‘giving 


Ez ak (e' Oyu Nytolay 9. 2. 10) - 


e emission current J (or j) is related toa 
alue gx by the equation (1.1), whereby 


I= Noe" D, 


“As we 1 dispepttded the intertace as 


Thus we can calculate a relationship between . 


" where E; is to ae measured in- vottslem, 


The Eq. (3.2) is ‘a- ‘transcendental equation in 


Jo should be inserted from the Eq. | 


nee 8) into 2. 2) and solve this i ee 


1 essily be enleultien by. the is (2.7), 


the emission current 7 and the field strength 
Ey at the cathode surface by. the above os 
2. 10) and (2.11). 


sO lever ene 


$4. Consideration of the » Schottky Effect. 


In the presence of an electric field Ex 
at the cathode surface, the surface potential 
barrier is lowered as the result of the 
Schottky effect. The Eq. (1.1) should ee’ 
replaced by‘ Prapen 


eeepent Fe E,@ )=ero ie i 


O= d.exo( “Fe 


JE), 


The Ho: (2. 10) is also to be replaced by 


1 o/b NG 
- = gi @ _ tVoo ep 
? EB, mak entre —@. 


oi 


bowery) 
k oe : \ 
Rite Ce WLS et 
ES es N NORE 2 5 hi eee 


Ex which can be solved only by numerical 
method. Such calculations are not so difficutt, 
since the Schottky effect has” only a ‘little 
effect in the small ranges of EX? and, “on the 
other hand, the Eq. (3.2) can easily be: solved 
for a special case of g.=0. ae, 


$5, Numerical realoulatiqnal’ | 


- Positive potentials applied to aie diode | 
ands will | provide an increasing’ ° anode 
current, first in “accord with the ‘Langmuir- 5 
Child space charge relationship and then, at : 
higher voltages, following a Schottky type — 
behavior, A plot of log j vo. ./ FE should 3 
yield a straight line which has a slope several 
times greater ‘than. that predicted by the 
mepeiy, theory for metal surfaces. 

_ To compare our ‘result. with. those: bot 2 
havior, the current j and the field E,< should il 
be calculated from the Eqs. (3. 1) and (3. 2) De 
plot lox 7 vsi / BAO, vt.) ste oa “he 

The numerical values whi 


t yed n this calculations are as follows. 
the density - of the conduction ele- 


lue- . 
Tee No =59X10% cm-*. 


yas chosen. From thi§ value we can 
alculate. the electron densities at various 
mperature by means of Nijboer formula 
taking the energy gap 4E between the donor 
level and the bottom of the conduction band 
be 0.7ev. and x=0.3ev. The calculated 


Me peas cs he 

ae aek: Yi. Tablés_I, 

an (CK) | m-— cm-3 | Oy cm. sec! In cm 

| 800 | 556x108 | 0568x106 | 8.28x10-5 
| 900 | 188x104 | 0978x105 | 4.78x10-5 
| 1000 | | 152 x10° | 3,09x10-% 


5.00 x 1014 


‘The third column of this Table gives the 
alues of 9, which can be computed from 
Eq. (1.1) taking D,=1.0 and y=0.3ev: The 
field strength at the cathode surface can 
then be calculated from the Eq. (2.10) with a 


‘given value of g:. The emission current j is 


then given by the Eq. (2.11) for this value of 
g:. The relationship between j and E,“ is 
‘shown in Fig. 2 for two values of the cathode 
‘temperatures. In this calculations we took 
‘f= 100 cm*/volts.sec. and «=10 as the 
reasonable values of the mobility and 
dielectric constant i. These values were 
regarded as.constants independent of tem- 
perature be 


EP" (wplts/em) 


The relations between the emission — 
current 7 and the field strengthat™ 

the cathode surface. ; 
x —— Including the Schottky effect. 
| s- disregarding “the Schottky » 
ee effect. pat 


etrons in thermal equilibrium at 1000°K a 


ndensities are given in the second column of » 
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ms 20000 
EF! (srolts/ m) 


30000 


Fig. 3. The electron density at the cathode 
surface versus. the field strength  _ 
at the cathode surface. A region « 
for e~@>1 ‘is the negative space 
~\ ° charge and that for e-#”<1 is the. 
; positive space charge. 


Fig. 4. Schottky plots of the’ saturation 


current densities, where, j in y 
Amp./cm*, and 2, in volts/em. 


The corrections due to Schottky effect 


are then taken into account in the following 
manner. We take as a zeroth approximation 
of the Eq. (3.2) the values obtained by the 


Eq. (2.10) and solve this equation by a step — 


by step method, The calculations are not so + 
tedious in the small ranges of Er‘? and the ~~ 
first step calculations give fairly accurate 


values, For higher values of EE,‘ Eq, (3:2) — 


“can easily be solved exactly for a special 
value of g:=0. The values thus calculated — 


are shown in Fig, 2. In Fig. 3 the electron 
densities at the cathode surface are shown as 


Sp ee 


356. - Kakuzo 


a function of £“?. The field strength E‘° 
in Fig. 3 takes into account the Schottky 
effect correctly. y 

A characteristic length he ‘(given by the 
Eq. (2.3), which gives a measure of the space 
charge layer, is shown in the fourth column 
of the Table J. Fig. 4 shows. the Schottky 


plots i.e. log j vs. WE for three values of. 


the cathode temperatures. The. curves in 
Fig. 4 show the correct temperature depend- 


ence of the emission current although small - 


curvatures are observed from the curves. 


$6. Second Approximation. 


The solution of the Eq. (2:4) can be 
obtained more accurately by calculating the 
second approximation g;. The calculations 
are simple but somewhat lengthy. We have 
obtained a solution neglecting the Schottky 
effect. The field strength E£-‘” obtained by 
the use of 9g; is 


ep gn Men a cep eee 
(4) (J) = e-ot_“a_. 4Vo'o (g7__@ 2 f 

ee eh an a at ve 
where 
G+ 

3a,?—Qa, ” ’ 
The. field a E;“™ calculated by Eq. (5.1) 
with the numerical constants. quoted above 


are shown in Fig. 5 with the corresponding 
values of the current j. In Fig. 5 a full line 


Sas 


jf mcm) 


Ep (Volts fem.) 


Fig. 5. Comparison between the first ap- 
proximation and the second: ap- 
_Preoximation. , 


SHINDO. ee 1 


. 2) Mott and Gurney: 


shows. the values obtained by the first a 
proximation formula (2.10). The comparisont 
of these data shows that it is sufficiently; 
accurate to use the first approximationt 
formula in the ranges of g: considered above.: 
Therefore we have carried out the calculations: 
by the use of first approximation formula} 
throughout this paper. j 


$7. Conclusions. 


It was pointed out from the above data 
that the space charge may be formed in the: 
oxide cathode near the surface, when a space} 
charge predicted by Langmuir does not exist! 
between the electrodes. In the Schottky 
region the space charge inside the oxide 
layer is necessary for explaining the slopes of 
the curves such as shown in Fig. 4 and the 
correct temperature dependencies. An eX: 
istence of the interface layer will introduce 
no essential difficulties in our theory but some 
further complications. In above calculations 
the conduction electrons are not in. thermal 
equilibrium with the donors and to calculate 
the electron density at thermal equilibrium, 
we must take*into account the shift of the 
Fermi level in the space charge region cor- 
rectly. The corrections due to this effect may 
be carried out according to the recent pa 
of J. C. Slater. It would be neces all 
calculate this effect by the self-consisten 
method. The existence of the space charg 
layer inside the cathode ih is, . however | 
not to be doubted. | 

The space charge predicted here would 
be responsible for the microsecond emissio: 
decay. Calculations on this line will be 
carried out in near future. 
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“Creep Phenomena of Rlcaiin Rectifiers. ip ae : fs 


: By Masao Tomura.* “alee 
Matsuda Research Laboratory of Tokyo Shibaura. Electric Co., Lid., Kawasaki. 
a _ (Received September. 30, 2) 


Creep phenomena of selenium rectifiers, i.e. initial decaies of hard | ins aE a 

_ flows were observed, and polarization effects were found in the barrier by 
- layers. at the same time. By observing discharge currents due to the 
above effect, characteristics of the polarization were studied. As the 
polarization voltage increases with the duration ‘of ‘application of the F 
reverse voltage, the effective voltage through the barrier layer decreases, 
resulting the decay of the hard flow. The characteristics of the decaies 
were calculated on the stand points of the polarization effect and the 
non-uniform structure of the barrier layer. And the relaxation: time of 

ay the_ decay was discussed by considering that the polarization effect was 

_ owing to ionic space charges in the barrier layer. 


durations. Hence observations are able to 
be carried on successively in turn. a ee 
At present metal Pith. ‘such : as cup- .. Decay of the current becomes almost-_ 
‘rous oxide and ‘selenium rectifiers are used constant practically in about 3 minutes a 
ous various communication circuits, as for ins- _ shown in Fig. 1, so the final current at th 
tance, a varistor etc. ; ; - whereby their charac- infinite time /.. may be obtained graphical 
; teristics are desired to be superior especially through observations of about 3 minutes ie 


‘Si. Introduetion. , 


in life and initial dynamic natures. enh aaNet iyag g 
From this stand point, the above initial oe {ss Ise 
Geclascation effects which are called as creep Le oe . "’ 


phenomena’ of the rectifier will be «studied 
and only hard flows are taken up as the 
‘first. step. of this survey in this paper. Here 
the creep is ment as the initial decay of the eee 
“current | in the duration of several minutes —_ Sen ed 

‘and must be distinguished from the aging 
phenomena of the rectifiers which last for 
several years. Untill now, the existence of 
creep ‘has been. reported™, but no studies are 
. found on its mechanism, ae aks a igs een o 


1% 30° sh 


25, Joo 4K 


3 este a ts Time (min) Phe Sil 
‘g2. ‘Characteristics of Initial Decay: ue iat Fig. ag “intial decaies of the hard flows | 
i ~The sample which is used in this experi- ak various voltages. 
“ment is just the same as the one used in the : 
: preceding survey. Its area is 2 cm*. Ob- 
‘servations — are carried on at 4G. ‘The in- 
‘itial decay of the hard flow is observed by 
the usual method of characteristic measure- 
; ment of the rectifier. 

’ Hard flows at 3~30 volts at applied Wok: 
ices decrease by about 30% - of -the initial 
values in,5 minutes and recover their initial 
yalues- by. setting free in about the ‘same 


ae 
_ * Now at the Institute of Polytechnics of Osaka Mes at sy : . ie ae 
C ty ape ae es ; Fig. 2. Relations between j—j. and time. 
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Two ‘Kinds: of ieiotiaa™ COLI I versus 
4 curves are shown in Fig. 2, where j is the - | 
magnitude of hard: flow at time f. The in- — 
 itial value Jo can be obtained in. Fig. 2(a) by 
_ extrapolating to. £0, for j-je must be 


served with time. 


~ 900 
= 


the straight part of the curve in the region — 


y 
of small t makes this extrapolation possible No 


‘As fore ‘Haradberiatics of the hard flows, . 
i current versus vOHaee curves are snow 


(«2.1 x0 


Discharge cumemt 
Aihte. 
Amp} 


Fig. 4. \nitial decay at 15 volts and discharge 
currents for various duration of | 
the applying pe - 


Fig. 4 shows these ‘currents. Applied 
ages of. 15 volts are impressed for Ts 
30, 60 and 180 seconds and dischargs 
rents are ‘observed with time | immediately 
after removing the outer. fields. Each 

, servation is carried | on after 30 mi 

y Fig. 3. The hard flow vs. applied voltage ‘see, thes preceding one, » ine which dt 

_. curves. The upper curve is for the polarization effect disappears al 
_ initial current and the lower Yah es pletely, - whereby allowing the he 

rr the final current. Anta er ebe reproducible. again almost in 

~ manner, resulting in an aniqye: 


Ganlrine vaibae: the Popa is 
xperiment; that is, amadiras ‘after _ tude of the discharge - curren! 
ing the applied voltage ‘through the crease of the hard flow’ with Bet ries 

ifier, we can observe discharge currents Other features” of the ing 
ing in the reverse direction against the © "rents are shown ine Fig. By an Fig 6. 

t by the applied field. This effect is a must notice that some 
ak down mig sees effect which | is ob- ing current are ‘short 


the barrier. layer 
bai fact, doce: not alter the ) l 


to. ie the cause of this tects tilda g ties 
effective field through the crystal smaller and — 


"across. the rectifier. oe t 
aft the decrease 


ms ce. processes of ions. through dieldceies) 
_ The same phenomenon as the above is : 
_ observed in our case. Immediately after re- 


- ‘moving the applied voltage, both electrodes 


ide 


Fig. 5. Variations of polarization currents with 
time for various duration of an applying - 
voltage. The dotted curves in (b) are 
obtained by extrapolation in (a). 


= Discharge Cunent: (22.710 Samp.) 


Time (aze’) | 
* Fig. 6. Variations of polarization currents with time 

for various applying voltages: The dotted parts. 

- -in (b) are obtained by extrapolation in (a). 

the. initial effective voltage -in the barrier 
layer decreases by the amount, V».., that is, 
the polarization voltage at infinite time, to 
make the initial current j. fall to-j.. Thus 


Vow will be estimated as a voltage which. 


-is necessary to change jo to j. on the curve 
of jo versus Va in Fig. 3. This estimation is 
--yalid when the curve of jo versus Va is ap- 
_ proximately the same as that of j. versus 
Va. The result is shown in Fig. 7. This 
_ feature is just the same as that of the nor- 
mal polarization of dielectrics.? _ 


ae u a 


Me i iyi ne Pelt) 


5 Fig. 7. Relation between the final polarization 
a .-_-yoltage Vy. and applied voltages Va.. 
—s y ” aN - : . : 


“Gale yi 7 . 
ae g; ae lett: Hw! ‘ “ : 
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$4, Initial Decay of the Hard Flow by 


Yh .e 


‘the Polarization Effect. fal 
‘As the polarization voltage V; is deve- — 
loped across the polarization — capacitor*~ 
charged up with ions, its relation with time 
is expressed by the next equation. ae 
t sea 
es = Vo(1 —e7) (1) 
Here ct is the time constant of relaxation os 
which is determined by the physical con- 
stants of the capacitor. Then the effective © 
voltage impressed through the barrier layer 
is is oe 
V= VatVna— Vo) } 2 f 


t . “ 
= Ve +Vowe 7, 5 (2) Et 


where V., is -the final effective — voltage 
across the barrier layer. (See Fig. 8.) 


f 


Effective woltage 


0 - 


Teme sate or 
Fig. 8. Variation of the internal field with — 
time in the barrier layer. peta 


On the other hand, the current in the 
blocking direction is shown approximately as - 


BLP Ve soir B/V.. ® 
VV jazae Vo, 


Oe 


hoy bem 


j= ae 


Here 7., is the current at t=0o; and a and p 
are constants. These equations hold when — 
V or Vs. are not small and are found to be — 
valid in our measurements. (See Fig. 9.) 7iniaee 


vo, and Ve ( vott*) 
Fig. 9.- Hard flow versus applied 


voltage curve. 


* The word “polarization capacitor’ comes from 


‘Hochberg and Joffé. 


exp ( BV 


oe ae 


t ; 
e*)-1} 
om Fig. 9 a is known as 18 » A which 
ained by extending the linear part of 
ve logj.=log a+BY/V. to ° V=0. Ac- 


aly, exp(8/V.) in Eq. (3)~is 128 at — 


‘ Of. appliedvoltage,-making {/V. 
0 4.85. Thus, BV rol Vo 


4 


- Table I 
300-1 200. ToD 


40/31 [19 _ 


5.0. io 


23 


———w 


128/51 


| 26 cet 


0.36 | 0.36 | 0.30 | 0.21 roa 


_ the previous report‘ 
uctures of the barrier layer are found in 
samples. From this fact, we may sup- 
208 the same structure of the polarization 
acitor and: the value of t must be dis- 
buted, making ‘the relation (6) modified to 
other form. Wagner“ and Voglis’? have 
eported on dielectric relaxation effect of in- 


constants. 3 
(6) will be e changed to the next. 


Here A, n and 9 are constants. 
’ various kinds of relation will be derived ac- 
; cording to the form of the distribution func-_ 
| tion of t, but we may presume the existence 


is 0.36 at 


non-uniform — 


In: ‘ie same 


j—Ju= A+ ay" 


In general, 


of a linear relation between log (j— Aefa) and — 
—nlogt in a certain range of time. The e 

effects of the above non- -uniform nature of 

polarization capacitor are possiblly seen in 
figures (a) and (b) of Fig. 2, 5 and 6:7 where q 
Ea. (7) seems thee to hold rather than Eq. 
(6). = sep RAI ae wed Sm | 


$5. Discussion. sf 


If we take g as the atiantity’ bee ions | 
flowing into — the polarization capacitor 


and V as the polarization voltage develo : 


K 


through it, a relation : oan an Lee 
C=q/V ® 


is obtained.. From Fig. 4 we can restbiate the 
order of g as 5x 1077 Amp.sec.* for the case — 
of applying voltage of 15 volts for 3 minutes** | 
and from. Fig. 7Vas25 volts, so. Cc becomes _ 


Pell me wf om? Considering that the capacity of 


barrier layer is. 0.01 yf/cm® in order, the polari- y 
‘zation layer, that is, the* space charge. 7 
of diffused ions, : -which i is the cause ¢ of po 


zation effect, is about. one: tenth of the 


rier layer in. thickness. Se: ae I a } 
- Next, the resistance for - he: m 
of ions which flow. into or out of th 


‘ ‘zation - capacitor will be ‘obtained. 


‘same condition as mentioned above, : 
at 15 volts of applied: voltage for B 


the initial ‘discharge current from the 
tor is: about 2x10-$ amp.. (See Fig. 


the effective voltage across the barrier laye 
at that instant is about 13 volts, becau 
applied voltage i is 15 volts: and the nti 


Bra 4 


See Ee ee 
-* Fig. 5(b) shows that » in 

unity, making 'g not to conver, 

sical ‘meaning of-this phenomenon it 

to acertain value. From this co 


-in the figure must bend down hig 
_and this tendency-- Bi sg ell 


figure. \ 

** The polavication: wpltaeh fadanete 
voltage for: 3 Parag He almost equal te 
tically. ; 


3 ance for the ow of i ions is 12x10" i lene 
We must notice that this resistance is- in- 
- dependent ‘of the resistance of the barrier 


-much smaller in order. Then the relaxation 
"time constant which determines the charg- 
ing and discharging process of the capacitor 
accompanying the appearing and disappear- 
ing of polarization voltage, is of the order 
of 10° seconds. This value is allowable for + 
found in the present. observations. ee 
2(a), 5 (a) and 6 (a).) 

As for the voltage dependence of the 
‘present effect, from Eq. (6) we can derive 


(j-j.) and VV. for a given time. The ex- 


_ show the validity of the above relation. 


eres (mA) ‘ 


‘ Ke m 3 : ‘ : Ve ( wet* ) 


Fig. 10. The curve > GE j-je versus ./V,. The in- 

| = ‘clination of the curve is just equal to that of 

es Fig. 9, showing that in Eq, (3) and (6) 
coincide with each ee \ 


ES6.. Conelusion. 
In the present survey the Uelae ation ie 
_- nomenon of the hard flow of the selenium 
rectifier is studied and it is found that the 
polarization ' effect occured in the barrier 


~ layer is-the éhiae of this phenomenon. 


layer. which is for the electronic carrier, being 


- phenomenon has another type than that in- . 


approximately a linear relation between log” 


perimental results are in Fig. 10 and they ; 


are carried on materials .of the fron: le 
- ctrode. metal and impurities in selenium it 
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The 
Joule’s heat occuring in the barrier layer by 
the passage of ‘currents may ‘influence the . 
above considerations a little in the real case. 
An antielectromotive force is observed 
also in’ the forward direction, but the creep, 


the blocking direction, perhaps owing to the 
intense Joule’s heat occuring in the barrier 
layer. es a 

The temperature dependence of the abn 
zation effect is tried to detect but the re 
laxation time is so large to carry on me 
surements in short succession at low tempe- 
ratures. For instance, no appreciable decay | 
‘of polarization is observed in almost one ho © 
at—180°C in case of our sample. . ie 


are i igdauated bile polarivaGon stile rer 
It will be desired to avoid the gelaxa’ 
effect of the selenium rectifier that surveie: 


self. i 
The anther sitshiea to express his sine Te 
thanks to Dr. A. Kobayashi and _ his” col. 
laborators for their encouragements. 


Rokoroqees 
« Metal Rectifiers”, Oxford, Ve 
(2) M. Tomura: J. Phys. Soc. Jap. 5 (1950), 
(3) M.F. Manning and M. E. Bell: Rev. Mo 

12 (1940), 215. Hf 
(4) E. Hochberg und V. Joffé : 7. #. Phys. 66 930) 
172. 


By Tomoyosi Kawapa. _ 
Government Mechanical Labaratory, Ministry of International - 
Trade and Industry, Suginami- -ku, Tokyo. 
(Received November 18, 1950) — 


* 


‘The stress-strain curves of zinc speciemens consisting of two crystals 
has been studied in order to discuss the effect of grain boundaries. In 
each crystal of the bicrystal specimens the inclination of base plane was 
fixed at 50° while the angle « between the plane of grain boundary and 

the plane containg both the specimen axis and the direction of maximum — 
slope of the slip plane was varied as 0°, 45°, 90°,....-315°. The specimen ~ 
extended fairly. well and the stress-strain curve varied systematically — 
with the change of « in each crystal. The shape of the cross- -section of 
the’ specimen changed sometimes into the elliptical form and sometimes | 

_into the heart-shaped or the wing- -shaped form according to the angle a, 

, Moreover the Ppecut est twisted in some cases. 


- 


strain curves. | 
In the present ether intent we have stu- 
died the stress-strain curve as well as, the — 
change of the shape of cross-section of zinc 
bicrystal specimens. The deformation of zinc ~ 
ply taking appropriate average over is simple and easy to analyse as compared | 
crystals, since they are influenced by with that of tin, since the former belongs to 
Ciicih B In order to discuss the hexagonal lattice while the latter to tetrag- 
onal lattice. Thus, we have been able to © 
discuss qualitatively the mutual interaction 
of neighbouring crystals. 


_ Shri quantitative results chomiuee §2. Experimental procedure. 
anical properties of grain papas _ The’ bicrystal specimens | were all ie 
from the same ingot of “ Kamioka” a 
V (Zn: 99. 99426, ‘Pb: 0.003 4, Cu: 0.001%, Fed 
she metals. On the other pen the 0.00222, ¢d, Bi, Ag: _trace) by: ‘Chalmers’ 
1 via interaction. of neighbouring crystals moving furnace method. Sart ee 
been observed by a number of workers, Now we use the following notations: Py 
‘M1 Xe: angle between the specimen-axis 
‘ and the direction of maximum — 
ared BulindGal Specivena: of tin con-- i te slope of the slip-plane, the suffix 
of two crystals, separated by a long- — 
al boundary. The crystals were orient. _ 
peiolarly with respect to the axis of the 


of s Eeecitien would bring one into Golick CRESS ee the aieecaous of maximum, 
wi with the other. Using a specially designed of the slip-plane. They are 
extensometer he examined the yield stress, - sured in the count 
sense from the grain boundar 
For the sake of simplicity we used 
‘crystal whose direction of slip coincided 
the direction of maximum slope of the sli 
_ Plane. it huey the direction. of slip 


4 


We. ae to pregehe eeyeal Lidl x1 ahd 
Z Ke were both 50°, because, if x: and x2 were 
‘small, ‘twinning occurred during elongation 
$0 that the course of extension-test became 
; very. complicated. Bicrystal specimens whose 
its and x2. were small could be prepared 
easily, but those for which x, and x. were 
about 50° were seldom grown more than 
2~3 cm in length. Thus, the gauge length 
-of specimens used in our experiment was 
15 mm. We tried to prepare. spec’mens 
whose a, and a, vary at an interval of 45° 


ye represents the cross-section of the specimen 
and the diameter in the middle represents 


two semi- -circles represent respectively the 
directions of a, and a. As shown in the 


| 


“ype Ma Y 


oe cay! 


° 


early Pisliatesk cat Tes 


na VS be ere 


pee fined by X-ray for the single crystals and 
- by optical reflection. method for the bicry- 
ee stals®, Polanyi type tensile testing mechine 
ae “was ‘used, by which we. could measure load 
ie and elongation within the errors of -+10g 
and ly respectively. The diameter of the 
“ os was Soe 2 mm, its gauge length 


* Specimen 
: - No. ‘ 
me 268° | 55° | 55° 
RR a75° | 86° | «46° 
930° f= 70241 632 


as shown in Fig. 1. In this figure, the circle’ 
the grain boundary, while the arrows in the 


figure, a, is equal to ee 45° and 0° series. 


POP 2OD00 | 


(<2) 5-1) 


— =OPOPODEL ~ 
=0©0O00008 
Pes vs is) an 


ia ee 


Fig. a 


The Airientation Es specimens was Beier 


and the change of external appearanc 


Table 1. e ames Eo i / 


maf Zinc Bicrystal I. % Te BBR 


/ 


‘A, B and C respectively, while in each series 


a2 varies from 0° to 360° at an interval of 
45°. The other series for which a, is more 
than 135° are equivalent to some of the 
above series. Of these 24 types, 11 types are 
equal to each other, so that there remain 
only 13 independent types. Moreover, of 
these 13 types, Nos. 3, 10 and 17 are all 
single crystals if the angles a and y assume 
exactly the values as shown in Fig. 1. Thus 


we aimed to prepare specimens such that (1) 


in series A, a;=90° and a,=270°0°-90° ; 
(2) in series B, a,=45° and da = 0°->360° ; 3 
in series C, the type No. 21. But, in practice, 
we could not obtain such bicrystals. that 


assumed exactly the desired values of a and 


x, because it was very difficult to fix two 
thin flexible seed crystals in good orientation, 


notwithstanding that the continuation of the 


seed crystal and the crystal grown from the 
seed were aie! good. ‘ ; 


6(=8) fe 


180" as? POC 3/5: 


a ) Oe ie 


eoey 


: vite te p 270° 3S? 


15 mm and the tensile speed 5y/sec. 


$3. Results of experiments. ; a 
We shall now describe the results: of ex 
periments concerning the stress-strain ( 


the specimen during extension. As mentionec 
before, we could not prepare spe a tha 


Tensile Strength | Elogation 
atone a) ene 
» 118 cad 115 


ORD Seen eames 3 


1.14 fs 3 147 


a a 
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had exactly the orientations as shown in Fig. 
1, and the orientation differed a little from 
specimen to specimen. Moreover, some fluc- 
tuations were found in the results of the 
tension test, one example of such fluctua- 
tions -being shown in Table 1 and Fig. 2, — 
(Here we aimed at the preparation specimens — 
for which a,=90°, a2=270° and 71=%2=59.°) : 
It will be seen that the effect of large value 
of x clearly appears in case of specimen of 
No. 6. In every type, a typical one was select- 
ed from the results of tension test for 3~5 


tet 


Longation . specimens. They are. shown in Table 2.and — 
Fig. 2 Fig. 3A, 3B and 3C. : 
Series A Table 2. : 


4 | eae Type | oy pare eat ur | Elongation 
a single crystal 47° 1.36 | a q 
7 .{ 90° | 275° | 56> | ) 462. tae hr | els) 
7-8 3°. | 305° | 54° | 54° 1.60 175 
8 glo} 319° | 52° | 56° 1.70 153 4 
8-1 98°} 3459 | 57° | 62? 1,92 135 ri 
1-2. | 103°}. 16° | 60° | 55? 1.68 | 100 F 
2-3 80° fs, 75° 56° 47° ia to On j 
; 3 go? | 90° | 58° | 58° : 1.20 bs 107 
‘; a EE SS SR eS SN y 
~--s“ Series B and C ‘ ' $ 
y ; |e ae eae. - bese = . ee 
: 7-16 . 7° | 285° | 50° | 50? LB ee 17 i 
% 16 680 18129) Vor BSa 7] os Abe 1.90 120° $ 
16-17 44° | 338° | 62° | 622 2.12 100 i 
14 | 56° | 202° | 72° | 68? 1.29 115 
| 10 |. 40° | 48> | 45° | 509 1.65 140 i 
; 12 25° | 155° | 67° | 60° i agI8 75 
y 21 17° | 196° | 41° | 50° 1.38 , e 100 


50 100 150 200% 
Elongation 


Fig. 3. A. 


30 100 150 200 fy 
ong alion 
Fig. 3. Gs 


As mentioned before, we used cylindrical 
specimens with gauge length of 15mm and 
diameter of about 2mm, so that the speci- 
mens did not elongate sufficiently. Thus, 
for example, a single crystal specimen with 
gauge length of 15mm fractured at the 
elongation of 150%, while a specimen with 
gauge length of about 30mm elongated more 
than 300%. However, the stress-strain cur- 
ves of both spécimens were almost similar in 
form till the former specimen fractured. Thus 
in the above results the data of elongation 
have only a comparative meaning. 

The stress-strain curve for the specimen 
of the type No. 7 was almost equal to that 
of a single crystal and the shape of cross- 
section of the specimen after elongation was 
an ellipse as shown in Fig. 4. The stress- 


© 


Eig. 4 


x12 
@;=90°, @=275° e=25% 
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strain curve of the specimens of type Nos. 8 
and 1 rose as the value of a, increased from 
270 to 360. The external appearance of the 
specimen was changed during elongation, a 
photograph of the cross-section of the speci- 
men of the type No. 1 after extension being 
shown in Fig. 5. Moreover, the specimen of 


Fig. 5 x15 
@;=100°, o)=350° «=66% 


the type No. 8 twisted when it was elongat- 
ed as shown in Fig. 6, ie, the specimen 
twisted in one direction from one end to 
about the middle of the specimen and then 
twisted back. This twisting could be seen 
apparently when the specimen was elongated 
more than 100% and the direction seemed to 
be indefinite. The results of the tension test 
for the specimens of the types No. 2 and 
No. 3 resemble to those for the specimens of 


Fig. 6 
4 = 84°, @5=30075 e=100°% 

the types No. 8 and No. 7, ie. the stress- 
strain curves descended as the value of a, in- 
creased from 0° to 90° and the shape a, of 
cross-section after tension test was quite 
similar to that of the specimens of the types 
No. 8 and No. 7. The only difference was 
that by some chance the specimen fractured 
at the cleavage surface. In this surface there 
appeared no step at the grain boundary, but 
the surface was not so flat as in the case of 
single crystal, notwithstanding that it seemed 
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bright and beautiful. 

The specimen of. the type No. 16 is 
thought to have smaller values of a, and 
2x—d, as compared to the specimen of the 
type No. 7. As the values of these angles 
became smaller, the stress-strain curve rose 
and the elongation decreased, while the shape 
of cross-section became heart-shaped as shown 
in Fig. 7. 


Fig. 7 
a4 =30°, a =315° «=50X% 


x15 


If, in the specimen of the type No. 7, the 
value of a, decreases and the value of 2z-a, 
increases, it becomes similar to the specimen 
of the type No. 14. The siress-strain curve 
rose only slightly as compared to that of the 
specimen of the type No. 7. The shape of 
cross-section became elliptic when the elonga- 
tion was small, but when the specimen was 
elongated more than 10074 it became as shown 
in Fig. 8. 


Fig. 8 
= 128°, a= 282°, «=100% 


x15 
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The specimen of the type No. 10 is mere- 
ly a single crystal if we could prepare the 
specimen exactly as shown in Fig. 1, but in 
reality the values of a, and a. assume somewhat 
different values so that the stress-strain curve 
rose slightly as compared with that of the 
single crystal. 

Some of the specimens used in our ex- 
periment such as the type No. 12 had rather 
small values of a, and z—a, as described in 
Table 2. Thus, it is not appropriate to com- 
pare their results with the result of other 
types, especially with that of the type No. 
16. The stress-strain curves rose consider- 
ably high and the shape of cross-section be- 
came heart-shaped as in the case of the type 
No. 16. As an intermediate one between two 
types No. 14 and No. 16 comes the type No. 
15, which is similar to type No. 8, while the 
intermediate type between two types No. 10 
and No. 12 is the type No. 11, which is 
similar to the type No. 2. Each of their 
stress-strain curves lay about midway be- 
tween those of their mother types. 

The type No. 21 in series C is consider- 
ed to be an extreme case of the type No. 14, 
and the directions of slip of both crystals 
are parallel to the grain boundary. The stress- 
strain curve rose slightly as compared to the 
type No. 14. 

Specimens in series B sometimes twisted 
as in case of the type No. 8 when they 
were elongated fairly well, but the amount 
and the direction of twisting were rather in- 
definite. 

As to the fracture of bicrystal, we found 
that except for a few cases as described be- 
fore, the specimens of all types were drawn 
down to wedge-shaped and then fractured 
without showing any cleavage fracture. 
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AW 
f 2nW 
(AW: energy dissipation per cycle) of amorphous films of P.V.A. were 
observed under the various conditions. (1) Effect of temperature; E is 
almost constant at the room temperature, but it decreases rapidly beyond 
the characteristic temperature, which may be considered. as the 2nd-order 
transition temperature, and it tends to the constant value at higher 


The dynamical Young’s moduli (£) and the internal friCtion 


AW: 
- temperature. WwW increases gradually from the room temperatnre and 


saturates to the constant: value at higher temperature. (2) Effect -of 
humidity ; £ increases slightly up to R. H. 359% and beyond this point rte 


“fs Bualthe ; AW . 
decreases rapidly with increase of humidity, 5 is almost constant up to 


25% but it increases rapidly beyond this point and tends to) the constant 

value at higher degree of humidity. Besides, effects of tention, degree of - 
polymerization and frequency were reported shortly. The experimental 
formula which represents the temperature dependence of E was devised 
and this formula also was suitable to the experimental results of P.V.C. 
The attempt to explain this formula from the statistical treatment of 


chica tat part and amorphous. part was tried. ‘ j “ Ag - 


Introduction. 


‘Aas the first step of ihe “studies. of the 


$1 


-. mechanical behavior of highpolymers, we. 


-chosed Polyvinylalcohol (P.V.A.) which had 
the suitable properties’ for our experiments; 
‘for ‘example, 


which some of the Sr hae SroperHes changed 
rapidly. 
Using the dynainical eked, ie which was 
reported in the previous paper by the authors 
the Young’s modulus and the internal friction 
of P.V.A. have been studied under the various 
conditions; e.g. the temperature, the humidity, 
and the tension etc. _ 

From these experimental results, we found 
arr empirical. formula. for the temperature 
dependence*of Young’s modulus. 

In this paper we will report the experi- 


mental results, the empirical formula, and the 


simple consideration of : it. 

$2, Preparation. of eras, 

We made use of the thin films of P.V.A. 

as the samples, which are prepared as follows : 
The powder of P.V.A. which has a known 

average degree of polymerization determined 


in the distilled water and the bubbles in ‘his. a 
‘solution were taken out. 


it had a simple chemical _ 
‘structure and a convenient temperature: at. 


width, 25mm length, and 4.0x 10-*mm_ thic 


A small amount of 
this solution was poured on the glass” plate. ane 
floating on the mercury to make a flat. film. 
and dried very Slowly in a desiccator at 40°C. 
After about 48 hr, the thin film was prepared 
and it’s thickness was about 4.0x 10-°mm 
From this film, the small ribbons (about 5mm 


ness) were cut off and used for our ‘measure- piles 
ments. 


$3. Experimental Results. 


- Since the method used to measure was 
reported in the previous paper, we will 
explain it in detail in this paper. i 
(1) The Effect of Temperature. ay 

Fig. 1 shows the experimental results ore . 
temperature dependence of Young's modulus . 


(E), internal friction (4 on We and the dis- 


sipated energy per cycle (4 W) under the fol- 
lowing conditions: the degree of polymeriza - 
tion 900, the tension 160 g/mm®*, the vibrating _ 
frequency 260 c/s, and the relative humidity 
(R.H.) 0%. ‘In abscissa, the temperature is 


denoted in centigrade and in ordinate, the — 
\ 
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Te 
The temperature dependence” 
AW. 
of Ew Qn Ww" and. AW. 


7rom room temperature” to 68°C the. 
. h ‘is : constant 
dynelcem?). ; It “however, begins to decrease” 


tic. of P V.A., we will describe this 


‘e as T, hereafter. ‘; ee 

values of internal friction, AW 
A and W are the dissipated energy 
le a and the energy of vibration respec- 
meres from room temperature ‘and 


Pend ‘the: constant | value 0x: a M, at 


min, and 1 hr per degree), but we could 
at find any, difference Debwices them. _ 


1 i shingle under the various tensions, 
160 gimm*, 220 _glmm and: 290 gimm’, iat 


Ax 10%, and 3.7x 10! Biota ica 
- The characteristic ‘temperature, 7, 


(3.0x 10 


2nW? 


lower. one, 


of tensions. — 


7 80 700 
Te. Ree ee 
Fig. 2. The tension dependence 


Ry es Ge WER Se 
8 a ee 


“(29 “Mo. 60 


- 


(3) The Effect of Relative Humidity: ae 
Fig. 3 shows the experimental results 
_ humidity pase: of Young’ s bape) and 3 


‘it esha: eartaty. See was aes 
observe the Young’s “modulus at 
ScBies than 80% hots ue g 


LAG ee internal friction’ is 


ae ihe 
from R.H. 0% to about 2576, but it incr ses 


rapidly beyond 2526. and gradually tends 
the definite value. Peat gs , 


Ne ia) 
a 


‘It is very. ines tous t 


| remarkable similarity, ‘between 


ture ae and me humidity. one. 

_ Fig. 4 shows the results of temperature 
~ dependence of Young’s modulus and the 
_ internal friction at the various humidities (0%, 
25% and 56% at 30°C). Though the results at 
0% and 25% show no remarkable difference, 
_ the value at 567% i is peculiar: namely, Young’s 
modulus is so small and the internal friction 
is large even at low temperature. 


1 2 
110 
20. 40 60 80 100120 140 160 (80%. 

at a 

Fig. 4 The temperature are AS 
AW. 

of D OP on a .at various humidities. 


uy The Effect of Degree of Palpmeckeation: 
_ We observed the temperature effect about 


the three kinds of P.V.A. films which had the — 
different degrees of polymerization (90,1000, , - 


- 1300). We could not find any difference in 
- these Young’s moduli, internal friction, and 
characteristic temperatures within our experi- 
mental errors. Therefore, the vibrational 
properties of P.V.A. are not affected at all 
due to such a difference of degree of Hee 
. merization. 
(5) The Effect of Frequency. 
The measurements ‘ of the vibrational 
properties over the wide frequency range have 


not yet been carried out. At least, however, 


it has been observed that the ‘Young’s 

modulus, ‘the internal friction, and the 
characteristic temperature between 200 c/s 

and 1000 c/s are almost constant at the same 

conditions, but these values very much depend 
on the temperature: and the humidity. 


$4. An Empirical Formula for Tempera- 
ture: Dependence of Young’ s Modulus. 


First we examined whether. the vis- 
Paiciastic: behavior of P.V.A. can be explained 
by Kuhn’s model, which consists of the 


ae 


t- PERS 


i 


Tad Pobvingacoha Younes Modulus ete. 


4 various a models connected in parallel © 
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(see Fig: 5.). From this model the following a! 
relationship between the elastic constant: and 
the temperature is derived pee 


logGi—lgG pie Be Gar 
l pene aS peat: Sor 
where G; and Gy are the elastic constants at — 
low and high temperature respectively, and — 
Em is the average activation energy. {ee 
There must be the ie 
linear relation  be- 
tween the logarithm 
of the left hand of 
Eq. (1) and 1/T (°K). 
The dotted curve (in 
Fig. 6) calculated by 
Eq; (1): ‘using «> the 
values of Fig. 1 is not 
straight, therefore it 


formula, 


legEr—logk ._ 
kgE— MgEn 


are both constants. 


180 160 140 


-3 Ans 
20 21 22 23 24 2,5 26 27 28 2,9 30x10 ~~ 
+) meets 


Fig. 6, The result by Eq. (2) (solid line) | 
and result” by Kuhn’s model : om 4) 
$ (dotted line) for PV.A. sy 


As’ shown in Fig. 6, the solid line cal 
culated by Eq. (2) using the same values in ~ 


i 


ae Zo ak raveban Eq. (2) gives a good 
: a between the Young’s modulus and 


47 38 39 40x10 yee 


32-33 34 35 36 
Sart eee 


1. The result by Eq. (2) for PVG. 


denoted by 2is that each 
- molecule rotates freely, 


state. 


‘ temperature respective- 


at 1 and 2 state respec- 
vely at any, temperature, there is a following 
tion in aye mal equilibrium, ; 


-@) 


is the difference between 


namely, the amorphous 


We denote the jam- . 
ber of crystallites in NM; 
and Nz. at low and high © 


ly. M,, and N, being the 
numbers of crystallites — 


Nu, M om Were: | 


_ tween the Young’s oh tg E, and the num- — 
ber of crystallites, N, ade eo a | 


ager a is constant, it will be possible to ex- \ 


fore, . 


_ Eq. 6, si fioles | 


sng ia network, the other state : 


ae 


experiments to- prove this relation for ‘the | 
highpolymer have not. yet been carried out. k 


‘i 
ne ITA and | 


(M=Ni— —(N+ Na) 

and ; s a, 
weave fo 
Eq. (3) can’ be transfered as follows, fas a 


fi, 
Ne WN ag 


where 4S and JE are the differences bina 
these entropies and these energies respectively. — 
If we may assume the next relation be- 


ba 
, 


(5) : | 


—An 
“e RT, 


logE=a- Ne mor. 


plain the emperical formula Ea. (2). By the 
experimental results of vulcanization of | 
rubber,“ it may be shown that the telation- 
ship as Eq. (6) is plausible for rubber, ‘there 
we consider that Eq. (6) may ‘be - - 

reasonable » for P.V.A. and P.V.C. but | the 


_ We calculated the values Sn 4E me au : 


yi for PVAS An 15.0 ) Keal|mol, 
why —AS=405 E. Eh eiun 
- for PVC. AE=17.8 Kealimal, 
* a AS=66.3 E. Ve 
cif we postulate that there is a 


qualitatively. ‘The water molecul 


beginning, are adsorbed. to the O-H rad 


bonds of crystallites begin to be'b 


* decreases te: ‘én ite son as 


‘ number be cp seeacenl at 1 state dec 


of erornous parts, ies the You 
But as soon as the eiecensiaclets hy¢ r ) 


the adsorbed water molecules, the 
modulus will decrease: very rapidly 


AE decrease with increase of 
the iapgaih) about th 


ae to. Ny from the. experimental results 


Wi decide the fe ipecatuica’ ‘at Shick: a 


(2) ‘J. Furukawa: 


¥ 


— «The slopes. of tan’ for voltage and the initial tané of barium- 

titanate ceramics, which were fired at three different temperatures has 

‘been measured in the temperature range from 150°C to -183°C. 
ate Reseed shown that below the Curie point the voltage region, where the values 

‘a aE, la -of initial tané.did not change, were larger and the slopes of tané smaller, : 

Bret etcac Neate hey. higher. the firing temperatures. ; 

PER as voltage region giving constant tané show three remarkable knicks cor- 

Sauionaty to the DEAS changes of the crystals. 


cat has ‘been well Owe that: He ele’ 


ctric characters of barium-titanate ceramics 
are greatly influenced by the firing condi- 
. tions, that is firing temperature and firing 
_ time. Because it has been very difficult to 


sinter the pure barium carbonate and pure 


titanium oxide, so ‘we introduced a few per 


measured three kinds of samples under the 
s different firing conditions ; in which (1) Sample 
_ BT-(1) was fired at the temperature 1420°C. 
- for 7 hours, then kept in the prepared oven 
at 1000°C. and cooled naturally, (2) Sample 
_ BT- (2) was fired at 1430°C. for 7 hours more, 

after, the same firing as Sample (1),:and cooled 
naturally, and’ (3) at last Sample BT-(3) was 

fired. vat 1460°C. for 7 hours more, after the 

same firing and cooled naturally, and: ‘) at 


| last Sample. BT-(8) was fired at 1460°C. for 7 © 


hours more, after the same firing as for 
- Sample (2), and cooled naturally. 

_. We have used a Wien-bridge at audio- 
frequencies to Measure the dieléctric constant 
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samples were all coincident with the tempe- 


anomalous points of dielectric constant,? | 
‘cent of ZrO, and CaO for tnineralizer. We 


. «. \. References. 
“H. Kawai and N: Tokita: 


5 Phys: Soc. Jape 
5 (1950), 17. : ae 


Bull. 
Univ. 21 (1950). 20, fein 
) R.Simha: J. App. Phys. 13 (1942), 201. 
) T. Alfrey: Mechanical Behavior of Highpaly 
- mers. p. 437. (1948) 

) T. Alfrey: J. Colloid. Sci. 4 (1949), 211. — 
ese Houwink : Elasticity, Plasticity and Structure 
of Matter. p. 182, (1937). 


Inst. Chem.- Res. Kyoto. 


It was 


Temperature dependence of the - 


a tan 6. The Curie points of ftoke ‘ine 


rature 120°C. Thus we may expect that o : 
mineralizers do not change the lattice con 
sitant of BaTiOs. EE A 

Moreover, besides the Curie point, the 


the polymorphic transition points, were fou 
in the vicinity of 70°C. and 5°C., which ha 
been shown by the single crystal. 
The results are ‘shown. in the followi ae 
table. It is shown in the table that by the 
firing at the higher temperature, the diele 
ctric constant becomes smaller. | The same 
tendency is also shown in that is given b: 
the’ slope of the curve SN se l/e vs T above 
the Curie point. a, 
Now the dependency of «and tan Bs 
upon the small ac. field is very interesting 
problem. For the rochelle salt it has been ie 
investigated by B. Kurtschatow & I. Kurts- bi 
chatow™ and by A. Zeleny & J. Valasek that. 
the critical field strength A, from which: the 


Transition region 
: Faget repion: 


‘a ws me the value E>. i Aisaeitee br rs is sete 
Gao At first, -we measured the a.c. dependency 
but its variation was very slow, and 
the Jump field could not be accurately 
from those curves, whereas the de- 


ees 


160-120 -80 40 0.40 60 WO 
“Tem pi 5 Ona Ba 
Fig. 2. The ‘tesaperature! idptanice of Eo 

and m for Sample BT-(2)-c. ay Nd 


‘points that it chet the polymorphic 
tions near. 70°C. and. 5°C., ear 


vn oO 20 aot 60 30 
En, Ame Ny, : EC vee, ems.) 


field : strength E PR hee at the © 
PE CeeHey, 8 Ke, for Sample 
BT: Aah: C.: 


‘ 


Nd 


instance, at TTC. tand is con- 
Transition we p 


cie%s Transition | “if, Lane 
j yepion Ye 


“Coercive force Ec, (in Ktén) “2 


tan 0x 0'=mB +a 
Ei is the a.c. field strength in Vicm 
mand a are the temperature dependent | , aya sen 
‘constants : ie 3, The hextiobectava’ neneatencn ‘ak Coen 
From those results it is ‘shown that for hast ol “Sample Bra siedide fee 
iO; Rayleigh’s law- is established alike - Mga! a a mh 
Fig. 2 shows the tem- ial 
ture dedency of Ey and m of the. above 


pens 
© +160. 120° +80 


The following Table i is sumi ot ; 
observed results; . 


BT (1}+b 


Firing-temp. & 


“Table. 


BT (2)-c 


BT-(3)-b 


1420°C. 


1420°C-+1430°C +1460°C | | 


1420°C.-+-1430°C 
7 hrs. 7 hrs. 7 brs: © 7 hrs,’> 7 hrs?) 
954 255 
1.05 x 10-5. 2.10 10-5 


32. 
2.3 


40. 
“15 


Firing-time 7 hrs. 
é at 20°C. 1,590 
1/C ' ~0.76'x 10-5 
4 in V/cm. Jat 180°C. 20. 
f f . 2 


2.8 
We can derive ‘the results as follows; the 
the firing time, (1) the dielectric constant ¢ 
becomes the smaller, (2) the jump field Eo 


- But the coercive force E; is scarcely de- 


" penpent on firing temperatures. In order to : 
' explain the above results, we may assume x 
that the higher the firing temperature, (a) 
both the numbers of crystallites and those of © 
domains per unit volume become smaller, 
and (b) the solubility of the impurities (per- 
_ haps Zr ions in Ti ion lattice points) and 
; the: internal stresses (perhaps dislocations) 

‘caused by them become the larger. 


We can 


expain tHe (1) to (3) results by the above 


# assumptions. 
the displacement of domain boundaries suf- 


(1) Up to the jump field Eo, 


‘ fers the reversible change. As the induced 


" charges are proportional to the field strength, 


$0 tand becomes constant for £, which is 
now shown from our experimental results. 
Now, if the assumption (a) is correct, accord- 


ing to the growth of crystallite by firing, the 
numbers of crystallites and domains contain- 
ed in them become smaller, hence the diele- | 
_ctric constant « becomes smaller. Moreover, 
by the assumption (b), as the internal stresses _ 
prevent the displacement of domain bound- 


aries, so the induced charges becomes smaller, 
that i is, '¢ becomes smaller. 


» (2). Next, beyond the value Eo the aes 
-versible. displacements are occured. By the 
assumption » (a), therefore, “the ‘domain size 


ybecomes igor “and “its” ‘displacement = 


boundaries needs for the. large field strength 


higher the firing temperature and the longer then it will be shown that the value Eo b 


“that this is correct, whereas it needs for the 


becomes the larger, and (3) the slope m of _ larger field to overcome the higher potentia’ ite 


| tan 6 becomes the smaller. 


“smaller value of m. 
mental results. . 
Mr. 


-and to Dr; H. Takahashi for his stimulati 


the pe gee of Education. © 


(2) WJ. Mera: Phys. Rev, 76; (1949) 1221. 


‘(4) B. Kurtschatow & I. Kurtsahatow: Phys, 


comes Jarger. Also by (b), it will be shown 


of internal stresses which is caused by the 
solved impurities. (3) The SEES m show is 


becomes smaller,. ith it may give 


Accordingly, ‘it is revealed that bot a 


The wuthors thank to Mr. T Sash an F 
Nakamura for preparing the samp 


dissussions.’ The experiment was achieve | 
by the expenditures of scientific research, 
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‘Resistance | to ike Penetration Be a Bullet through — 
an Aluminium Plate. 


Jien NISHIWAKI. 
Mizuho Metal Industry Co., Lid., Tanashi, Tokyo. 
(Received December 15, 1950) ~ bald 5 


Neglecting the small values of the frictional force, the redistince dRv “ 


to the elementary surface area do of a bullet was theoretically deduced : as_ 
i 


dRv= Large sin*y) siny:do . sen 


where v is the velocity of the bullet, e the apecatic weight of the BREE 
‘nium, g the acceleration of the gravity and y the angle between the 
surface do and the direction of its motion. 

Finally, Po is the statical contact pressure ing: on ‘the srtneectik 
and, from the results of the statical penetration test carried out with the 
cylindrical mandrel, the author gave it the constant value, for each ‘thick- 
‘ness € of the aluminium plates. = 

Assuming that P; is independent of the angle y, the velocity drops 
suffered by the conical bullets from’ passing through the aluminium plates - ; 
were calculated from the above equation for three values 2y=180°, 90°, 

~ 60° of the conical angle and four values ¢=3.2, 4.9, 8.2, 1.2lmm respec: 
tively. -(Here considered only the case of the normal attack.) : 

These calculated values were found to be consistent ° with the experi- 
mental results which were obtained with respect fe the same Pacts shot | 
«at the same aluminium plates by ayrifle. <5. peer ae 


Ay ULL 

the quantity of Oates olg- “do-*a. ‘si 
which is displaced by the surface do ina: 
of time 1, will eive the moments + x8 


” 


bg, Ge 
Ny ee dt — 
1 an ate vlate “aa The. Fate as pressure. rexectetoe 
Suppose that the ele- surface must therefore be equal to lg: UP on 
mentary surface do moves — Bier 0 and 1g. are the ange weight of 
slowly along a straight line © of 
_ through the aluminium © 
making the angle of 7 with 
the direction of motion 
(Rigs Di huis : sealer rf 6 cos a (acne 
resistance dR, to the motion will pee. bam \ d ak 


oan . if ry 
VaR = Pyta (sin y +f cos 1): ( 1 Se, me 


wi here ‘Py is the contact pressure acting on. a ieet aioe, nate and ao ce Sd. and focosy 
the surface, and f, is the coefficient of sroeacut: om kinetic knee) ’ 


ly large, it is assumed that the Saved sf . be computed for three. val 
uminium which come in contact with the 
ntact surface are pushed back in the direc- 

‘ion. ‘normal to it a a velocity equal to the 


® 


dRy= (P+ fa sin? ) sin 7 - da 


5 ne the weight of the bullet is equal to 9, 
phe. equation of motion is given by 


a ay = == f(pt ee sin” r)sin re dG. Cay 
eae Now it is assumed that the contact pres- 
sure P, has the constant value for each 
‘thickness of the aluminium plate because of 
the experimental results shown in the follow- 
ing article that it is independent of the angle 
2 if it is not too small as above mentioned. 
‘Hence, Eq. (3) becomes _ 


f corn! by se ee 
“fs axtany Soa 
eqyetanr tant OB 3 


cos 7 


Resistance to the Penetration of a Bullet. 


“ie | Vs 
jies(R+-) ta ain” |, 
- J 


Peonical part of the. bullet by h, we saci 


Us 


= the ea of ey ise in three eps 


where V, is the initial velocity at x=0, and 


; obtain 


venexof—2 ma’ sin’ 7 - ree) {ve —— 


If start with the assumption h<e, thes same oe 


SALE a ant, 


a ae tan 7 ue ae 


cos 7 ee 
and finally for the 3rd step ies ; 
[eee ar 


cos T 


f do into 
Eq. (4) respectively, we obtain the follow 
integrals : ; 


[loa ( Pot-f0* sin* Me 3 


a ~ 2 tan’ - Sin” ji 2 


Introducing these expressions for 


1205 tan’ ie (hey. 
p ——7 tan’ 7-sin” rH 3 


. pe sin’ ‘)y. 
F carts tan’ r sin® {he (hte) 


es hee 3 (hey . 
pa } 


Ty ot 


V;, V. and V’ are the final velocities for each 
step at x=e, h and h+e respectively. 
Summing up these three ebm we 


Prt 9 _YPsin?y 
De nea a = 
sire Petre ree 


2% £? ctan®*ysin’r - hte aye 


where htany is equal to the radius of the 


bullet. Denoting this by a, and rearaneine 3 
. the stones: final result is obtained : | 


[exp( 2 xa’ sin? Te. )-1]} 


expression should be: obtained. 


§3. Determination of. Po. ee ‘ 
* Each of the aluminium plates which were 
3.2, 4.9, 8.2 and 12.1mm thick were(:statically _ 
penetrated by a mandrel. The diameter of © 


nis ee is Poa to the hulle dia. “65rhm:* 
and Brinell hardness of these plates are 40-49. 
_ The tests were done with the simple cam 
1 mechanism (Fig. 5), except for the 12. Imm 


Pp Mende Q: Al nie. G. Pressure gauge, 
Handle lever, B: Cam, S: Scale. fers 


_ Thus the; relations between. the load i m 


~ penetration. were about | 1min. for: 3.2m 
Ma 15min. for 4. 9mm, 3min. for 8.2mm and 4r 
- for 12.1mm ce and ‘the: mandrel suffe 


A Tas no deformation. 
; sereataaras 


each curve. ee, vA bisa 
Se Hence it follows : 
 Py=l7kg/mm? for e= ¢ 
- P)=29kg/mm* oe . shake 
pions Be asia 


of P, aia the following data: 
2a=6.5mm, Oetglems 5 ue 
Vinh 0.08 ~ 9=9.8m/sec? - 
into Eq: (6),we mete Sea 7 


4951) 


related to V, for each value of ¢ and h, and 
compared the with them experimental results. 

The expriments were carried out in the 
usual manner; a number of steel bullets” 
were shot by a rifle aiming at the aluminium 
plate, and initial and final velocities which 
each bullet had in the front and rear of the 
plate were measured by the electro-magnetic 
oscillograph with the wire tergets. 

Fig. 10 shows the results in the case of 
the cylindrical bullet for which 27 = 180°. 


1000 +--- ae eee 
608} a = : i Alu 1 
ee eee ee == . 
3 le aa 
& 600 |—- 5 a2 ae 
< | 
E [| y | 
400 |— + 
aes ij 
a Exaile * a ee See 
= A rf ile 
4 rat =e b elie 
0 200 400 600 800 1000 
Ve (m/sec) 
Fig. 10. 


The curves represent the theoretically 
derived relations and the marking points the 
experimental data. For ¢=3.2 and 4.9mm the 
experimental values lie nearly on the theore- 
tical curves. But for «=8.2 and 12.1 the ex- 
perimental values lie considerably lower than 
the theoretical curves, except for the range 
of low velocities. This inconsistency may be 
attributed to the fact that the larger V, and « 
are, the more the bullet is deformed, and 
thus the resistance suffered by it exceeds the 
theoretical value. In Fig. 11 and 12 are 
shown the deformation of the bullet for each 
initial velocity. 


Fig. 11. Deformation of the bullets. From 
the left Vo>=901, 691, 590, 369 and 
229m/sec respectively for «=3.2mm. 

On the upper, are shown the Al parts 
punched out. 


(2) Thebulletswere all made to weigh 5.5 g. 
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Fig. 12. Deformation of the bullets. From 
the left V)>=914, 806, 669, 592 and 
335m/sec respectively for ¢-=12.1mm. 
On the upper, are shown the Al parts 
punched out, 


Therefore, if the bullet were rigid 
enough and suffered no deformation, the ex- 
perimental results should almost be consistent 
with the theoretical. 

The results for the conical bullet are 
shown in Fig. 13—16. 


1000 i 4 + 


“900 t- 45° : Wa 


600 - + | 


Vee ("/scc ) 


PEE 
e7ameeGee 


0100 200 30 400 500 600 700 600 900 1000 
Vo (™/sec ) 
Figs) 13; 


VC ™/sec) 


ly =hies eee | 

Om 200° 400 600 800° , 1000 
Vo ( m/sec} 
Fig. 14, 
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As shown from these figures, the ex- 
perimental data for low velocities seem to 
deviate from the theoretical curves. This 
tendency may be due to the fact that the 
conical bullet with low initial velocities did 
not keep the straight line through the plates, 
and hence we could not obtain the correct 
data in the neighbourhood of the velocities 
just enough to penetrate the plates. By this 
reason, we did not research in the case of 
the other 8.2 and 12.1mm plates. 


, 


Vi (ec) 


$5. Conclusion. 


Using a statical test, a method has been 


Vo (sec) developed to evaluate the velocity |drop 
Fig. 15. which a bullet suffers when it penetrates an 
1000 aluminium plate with high speed. The theore- 
ee ane | is tical values have been found to be consistent 
vas ¥ with the experimental ones when the deforma- 
Cited isc r a tion of the bullet was not too large. 
Be i ei ie The author believes that the same method 
% © cot te, 2 Loo may be applied with success to the penetration 
sh | ’ tS abe sur ae through other materials such as lead, clay, 
SAN | | tye! Lad sand, etc. 
1 if 
“i | | | Reference. 
See z| (1) R. Sutterlin, Mem. de l’Artill. franc., 96 (1939), 
/ | 18 
| | 3 
0 200-400 600 300 1000 
Vo (sec ) 
Fig. 16 
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Mode Conversion Losses in a TEs: Type Cavity Resonator 
with Tilted End-plate 


By Koichi SHIMODA. 
Department of Physics, Faculty of Science, University of Tokyo. 
(Received February 2, 1951) 


. A cylindrical cavity resonator of TEpiz mode was constructed and 
its Q-value was measured at the frequency of 3075 Mc/sec. It was found 
that the Q-value is reduced, when the end-plate of the cavity is slightly 
tilted. The optimum Q-value (Qy=7.53 x 104) agrees well to that calculat- 
ed from the d.c. conductivity of the wall material (copper). It may be 
considered that some other modes (TE), TE, and TM), modes) of waves 
are generated from the primary TE», mode and they are lost as heat 
and radiation, ‘when the end-plate is tilted. Thereby the resonance of 
TE: mode is damped by mode conversion which is calculated assuming 
the deformation of the cavity wall is small. The calculated result agrees 
well to the observed Q-value of the cavity with tilted end-plate. 


eA. Thtrodivettoii” 


A hollow cavity is er daly. used as a 

_ microwave resonator, which is made in 

various forms. There are many. modes of 
oscillations for each cavity resonator. Among 

them the TEj;n mode of, a cylindrical cavity 
is the only mode in which the normal com- 
ponent of the electric field is zero everywhere 
on the cavity wall. The field components of 
TEgin mode are: 


(neglecting time factor, exp (jaf) ) 


£,=0, 

Eg = AJy'(Ror) sin fz, 

E:=0, 

Hy=—AG ithe cos Be, (1). 
Hy=0, 


He= Ata ih ae sin . 


* and . 
= "2 
hy aoe 38ST Tone tak i He 
I os 
eon 


where a is the radius and 6 is the length of 

the cylindrical cavity, the wall of which is 
assumed to be made of perfect conductor. 
The resonant frequency, «/27*%, or-wavelength, 
_ 4, is determined by the sot owine relation. 


Rk? = het Be per (3) 
4 When the condeLinien of the cavity ‘vail is 


~ not infinite but pretty high, the unloaded Q_ 


of the cavity is represented in good appro- 
-ximation by the following equation in which 
only the ohmic loss is considered. i 
# Ons ee Ca 
Ge Ree and @= ho N po Se 
Here L and a is the efi sbility and con- 
ductivity of the cavity wall in m.k.s. units. 
Because the r-f current in the wall is 
always perpendicular to the cylinder axis, 
the current does not cross the edge of. the 
cylinder and the contact loss of the piston 
has no effect. This is quite favorable for 
3 Beecncal use to vary the Eesotant mreauency 


- cases, even if the above ene 1 


_cal TEo:; cavity was constructed for 


» mercial copper. 


- length for waves of 3100 Me/s. 


length are inserted perpendicularly 0 


‘number is doubled in the rough if the direc- 


same as the TEoin cavity.’ 


Although the ‘TEgin mode has 


caused by a rather broad resonance of TMi 
mode, the resonant frequency of which is t 
same as TEoin mode in a perfectly cylindri 
cavity, because ere 


Jo) = — J). 


This type of loss, which may be called mod 
degeneracy loss, can be eliminated practi 
by inserting absorbing material or con 
which disturbs TMyn mode but not 
mode. It is found, however, that Oi 
smaller than the calculated value in 


excluded. 


82, Experiments on a Cylindri 
Cavity Resonator. | 


To clarify the cause of losses, : 


timeters range. The cavity is made of co 
The inner radius of 
inder is 10.7 céntimeters and ‘it is 
by a sliding piston. |The TEsis mode Of 
sonance occurs about 17.6 centimeters 


eae 


middle of the cylindrical wall ‘In ae 
suppress TM,;; mode, three short rods o 
millimeters in diameter and 20 millimet 


end-plate. 
. ‘This cavity has 12 different modes of 
resonance for 3100 Mc/s in the range form 
15 to 22.5 centimeters.in cavity length. The 


tion of polarization is considered. “Among 
them TE 1; mode must have the highest Q. 
It has been found that if the cylinder is 
slightly deformed from perfect circular cylin, 
der, its Q decreases very much. For example, 
when one of the end-plates is tilted, measured 
Q ofthe TEo;; mode suffers considerable de- 
crease as shown in Fig. 1 (a). In this case. 


ho 
i 


ih 


va (Cc) TE 613 mode 


Wires are ' stretched . 
Yad; ally in the modal 
Planes, A) 


me 


a 9 eo 


ans oN 


f - ratio and the maximum ade Q measured | 
by adjusting end- plates the unloaded Me of 


This i is: in eooed agreement with the calculates 
ed value of Q)=7.72x10‘; assuming ‘that 
microwave conductivity: of copper is: equal | 
to the low. frequency. value of a= Sek 10° 


mhos per meter. 
N 


$3. i heaty of ‘Mode Conversion Losses 
Caused by Tilting End-Plate. 5 
- When the end-plate of a cylindrical cavity 
resonator is not perpendicular to the cylinder 
axis, the electromagnetic field of a’ certain 
‘mode in a perfect cylinder is distorted. The 
electric field in a slightly deformed: bg 
may be Been? as : 


E= “Ey +:Ei, Ws 


where E, is ane. etic field of a certain 


normal mode in the undeformed cavity and 
eK; is a perturbation: term, which may be 
expanded by orthogonal modes of fields in a 
Nealiaeal: waveguide. 
_ The cylindrical coordinates, 7,¢,z, are so | 
“chosen that z-direction is the cylinder axis 
‘and g= -0 is the direction perpendicular to. 
— the normal of tilted _end-p’ ate as shown in © 
Fig. 2. mune bonncary condition at. the end- 


’ 


Os 


Here n is ‘the normal of the end: plate and e | 


n nx E= 0, at z =ersin ¢. 


Pn (8). 
On: aue cother fanas he: boundary condition 
a Ey is Che by ~ 


_KkXE,=0, at z= Op @) 


The perturbation field, E;, can therefore be 
: calculated from equations (GY). se 
“As the next step, we shall calculate the 
perturbation field in terms of normal modes 
- in the waveguide. : 
_ tions of the cylindrical waveguide be (Ei, Hi), 
_ which are normalised so that the energy flow 
of each mode of waves in eo pees is 
* unity. This requires 
ee on (BX HBX). dF =I, ao 
4 "where infegtaticn is ade in a cross-section 
_ of the waveguide. We may now expand the 
N tangential component oF po aon field as 
| follows. . : Me 
: tg Ei, oe 
_ where ay ihm ee Z i 
mes Ey, re ar 
Ue [Ev ; dF 


- Therefore, we have Ae for the: energy flow 
_ of a-th mode of waves. Since the waves pro- 
_ pagate ‘along z-direction and are reflected by 
_ another end- plate of the cavity, the converted 
_ power. flow to i-th mode is not equal to Ai’ 


_ primary waves. In our experimental cases, 
_ however, the end- ‘plates _ have bad contacts 
Savith cylinder walls and” there are some long 


ie aricl: narrow slots left, in. order to slide and 
- tilt the end- plates. We may presume that all 


_ resonant modes except TEoin suffer consider- 

able losses by radiation and contact resist- 
ance. _ Therefore, it would not be far from 

truth | that the power flow of 7-th mode of 
waves converted inom TEvin mode becomés 

nea ly equal to A? , and the total converted 
_ Power is pout onimately 2 given by 


Hate ~ Pape se 


_ where the summation aot be made for cut- 


We let orthogonal func: — | 


¢- components have not sing term. In 
case, therefore, only TMi, ta aC 


an 


: by the reaction of reflected waves upon the 


by 


and the power flow is given by 


Piode in.a cylindrical cavity. as we see ii 
equations (1). Thus we see that on the tilted. 
end-plate, z=ersiny. the electric field, 
has only ¢g-component of the form 


Eve = AeBr Jo'(Ror) sin ¢. 


in the first order approximation is written 


Pere le (Ror) sin ¢. 


calculated. 

Since equation (13) contains sin | 
in it, the expansion coefficients of the 
mode, Ai, become zeros for the modes w. 


calculation of conversion power. 
Cd). First we calculate the conver 
ee to TM, mode whose field compo: 
are: 5 


E:=—Nioi FJ(boreose.exp LiCo!—Ba 
where 
ae Np 3.8317... i 
= ea ad 


Ny is the: normalisation factor which is 
Leet & iio 
10 


Using equation (11), the expansion coeffi 
becomes ¥ 


A= Ate! BCR 


a Evo, 


mode can be catetilatel as the former case, 
We fit E,| ‘do= a Mees iLAo0F. nae wie we put k,=3-/a instead of ki, where a 
: ; =O, 332 is the root of the second zero of 

me find the Q of the conversion loss Wa)= 0. Normalisation factor is given by 


be a Bo 
Ag OE ay Ng 7 fe /=(1 A uoor. eo} 


| Thus we find the ibe conversion loss fro B 
TEon mode to TE, wave in the form 


7s a 2 : " q 


: =2-72x10%- 
Or . 


$4. Comparison with Experiment. 
. Since other modes having sing. term in 
the ¢- component are cut off in our experi- 
‘mental cavity, the total mode conversion loss 
of TEsin mode of resonance is given by | 


. 


{ i t oo pe c ’ ; | 4 


a aie ak f Nes 5 i ant ost L 


ae EN NC pa ACR haere a) On Wena Qa ks 
pi Oy Ae f ae a ay Ae GLa ae : ey ‘ te 


me and Bs seh +00. OF j 


ity ‘ } ae sabe 


ya a 


xpansion coefficient of TE, wave, me 
whe 1: 


Ach oo. | ; : rh 
So Chere come eat ies 


"i q 
Carrying: out a little numerical calculation, 


aN 


“Ante0s 945 x 10°. Ate? ‘oh? BL. By sf ; oa ve 
fs 


g PAS (17) and (21), we find that 
mode conversion loss from TEoin mode to. zat, 
1 Wave is represented by © i | 
a Ay? oe 2. : gla 
| OW =1.417x 10 i a r 62: 2). oi 


a Pattee ian; 0 of 02 
de wavetensth. of TE, mode of waves, eS vatey es on wr a fe) ae es 
: that of TE,, wave and equal to 2b/n for i hae 

: 


Foe 15, 4 ane aes ‘Substituting these. values 
in equations (18), @2) and 4), we have 

ietgee a 
Mugaies =752X 10% + 2 


; 10, 


=6.51x10-*. a, no 
a a iat 


| =824%10-. w. 
er 


and the sum is. it et 


Ji 
gets =22, 27 x 10°. Ge! 
Qe 


; Using experimental value of unloaded @, 


Cisse ibs 


YO 


; ing is written in the form 


1021x107. sr) 
Qo : ‘ 
. The loaded Q of ae cavity becomes there. 


é fore ay 


81 fitectacdto and eae 


‘fluid flow at a great distance from a body, we 
4 can find the formulae for we force and moment 


Ona Hie l0el, aa SS 


version. Also, when the cylinder 1 is sl hey 


‘ and ensured Q moines of avert Coup hates 


i. throughout this work. He is also i 


oa | On the 1¢ Asymptotic Behaviour of Thtcedinccsicnal Compressibl 
; "Fluid: Flow ata Great Distance from a Body, I. 


The Force and Moment on a Solid Body in a Stream 
ipa OF, SOME OaeADIE Fluid) 


i ee er a Genie! HASIMOTO. 
- Department of Physics, Faculty of Science, Ree ere of Tokyo. 
Rae eean (Received December 16, 1951) 


: : The Misses BE ee isentropic continuous sibanaics flow of a per- 
» fect gas past an arbitary three-dimensional body with arbitary distribu- 
+s » ‘tion of sources on its surface is considered. Based on the thing-wing- 
_... . expansion method, the velocity potential ® is expanded in the form ®=U 
eb Ar Agra t.!....), Ar=aof-}, Az=f-3a,9c0s0-+siné(a;,cosw-+a)—1sin 
pee ah faite M?sin*e)!/2, 2, where U is the velocity of the undisturbed flow of 
agra het 5 aS Mach number M streaming in the positive direction’ of x-axis, and x=r 
BI Get ets  cos8, y=rsinécosw, Z=rsinésinw. Using this expression, the force (X, Y,Z) 
{ae ae nt ni me moment (Mz, My, Mz) experienced by the body are found to be: 
wrk a * sis = Pade, Y=Z=0, Mz=0, My, got 4%, +1PoU 4(1- 
rEg gar aia ae total strength of sources, and ?. the density at infinity. 


If we know the asymptotic behaviour of - 


‘The calculated values. agree well with ex 
ment within experimental accuracy. _ 

We may conclude therefore that the 
‘decrease of Q by tilting the end-plate 
chiefly caused by mode conversion. In ot 
words, if the cavity has a form of perfec 
circular cylinder, the resonant energy ; 
TE in mode is absorbed only by ohmic los 
of that mode. But if not, not a little ene 
is absorbed in other modes -by ‘mode 


mode conversion will appear as likely k 
case ‘of tilting the end-plate. S 


tatbte: Bieciteions ee - encouragemer 


bte 
to the. ay of Education for financiz 


M*)-', where e.Q. 


conservation of linear and angular ent u 
Since Glauert‘? pointed out that the Kutta-— 


‘Joukowski theorem is also applicable in the ma 


case of a compressible fluid, two-dimensional 


Ue Heil fluid es past. a cylindrical 
has been discussed by several authors. (2) 
‘the most complete form and proof have 

n obtained by Imai® making use of his 
Bean and thin-wing-expansion me- 


Hp (1.1) 


u is the velocity of the undisturbed 
,. streaming in the positive direction of 
x-axis, (r, 0, w) are the polar coordinates 
‘the x-axes as the polar axis, A; is.a 


Pe 
sinésinw — 
cosé@ésinw — 


_ cosM 


Hig 1 


} 
Z 
ay ; 


a 
Wes i 
ey 

$x 

BY 


_ The analysis is based on the so-called 


eas 


pes of the asymptotic expressions of the 


relocity. field, especially of the explicit func- + 


“te al forms of Ay, and A», the formulae 
for the force and moment will be obtained, 


the former of which is the thrust 0.QU 
respoding to the result obtained by Imai” 


t thin-wing-expansion method. Then, making me 


body 


shrust is ase zero “when Q is” zero Bes h 
moment vanishes for an axisymmetric flow. 
These results are naturally to. be arpecien® “4 
In addition it is found that the moment 
about the direction of iri chy vanishes in 
our case. airy 


kc 


$2. General expression for the velocity : 


potential in the case of a Uniform 45 


flow past an obstacle. 


Recently Imai‘? © has pointed out that - 
the affin transformation employed in ihe 
Plandtl-Glauert and his thin-wing- Gann 
methods is very usefull in the two-dimen- — 


sional case. His idea is as follows: at. large 4 


distances from a body, deviations from the — 


uniform flow will be so small, that the thin- 


wing-expansion eestor. walt be used ahi 


Set ullya cas (Pah Gaet 


_ The reat Hones case seems 1a" be : 


“more. adapted to this idea in view of the 


fact that the blocking effect due to the 


obstacle is less. than that for the two-dimen- oN 
sional case. ~'s Se 5 
- The equation of ieee ‘of a conipres:. 
sible perfect fluid. past a body: can roe ex 
pressed as follows: a 


pat ne rt ra _M? (ge le 
Ni =(eradd, eet . 
@g= =(qraiy, es ie ee i jor ae 


Auld Sauce ae sound - Weloae 
Mach number of the undisturbed — 
the SE, analysis we shall ¢ 


sities 6 is small, say <r shes rns oat 
Moreover, we shall assume that ow | ci ai 
write ; ; ; 


‘O= rtovbbet 


where $1, be, are respectively OG), 
is now write 4g SR vert 


(2.5) 


Avbn= = polynomial in Chale and bees 


(n>m; 64, 85= 6, ”, »); (2.6) 


oe ; ‘, Suite 
oe, 2. & pesos es haga ine 
a Se ac?’ Sas en : (2.7) 
Now = 800 5 . 


Bas it 1): 0¢/0€i are . one-valued and continuous 
in the field of flow. 
eis 0¢/0&:>0 as roo, 
Taking inte account these conditions, the 
; é ‘solution of the equation (2.4) is 
Be pees, 
1 = 2 SSeS eee ar hes 6) (Drm COS ma 
Sete 3 +By—m Sin m2) ee: 8) 
res Ri Sy 14 Rb cos O+sin (0) 
(bi cos 2+6,-,sin Q)+ O(R~*), (2.8) 


Be Whiere. meres Pe (cos) C082 isa spherical 


sin 2 
‘harmonics of degree ~, and bym’s are arbitrary 
- constnts, and (R, 0, 2) are the polar coordi- 
nates in the (é, 7, 6). space, which are con- 
nected with Cs 0, w) by the formulae: 
=rf, O= cos"! —cos0), Q=a, . 
2 ute - f=(- eee (2. » 


"From (2.8) we see: / 


i) if Ao+0, the Pelnith $,=O"re)= Ol) i 


i b= Or), So that ba= Or), d3= Oe, 
OM Gey ee 

ae if bb =0 .no 5 olittiow. at infinity), the rela- 
tion ¢1= O'(re)=O"(r~), gives e=O"(r), so that 
ee MO) 5 bn= OO... 

_ This is a very important breeuit which should 

~ be’ compared with the two-dimensional case, 

where ¢ is respectively O(7-') and O'(r-*). In 


general, using the spherical harmonics, (2.6) 


can be reduced to the form . 


\ Audn=DCoim R- ” Pim (cos6) ston: 


Sy 


a particular solution of which | is 


$ =3 Genk (2) Py™(cos@) cosmw 
we (0-DB=p)- =lb+1) sinmo, 


Bo ravided (2—/)(3—p) # C+D. 

/eeegies ‘substituting (2.8) into the fett 
hand side of (2.5), be can be obtained. Re- 
WES ae process. ee Me g@ can be 


: found in the form: 


‘Thus @ takes the form (1.1). 


b= Gide +SUR-"BG,0), 


where ¢, is given by (2.8), and 
bo= —2M*(kG,+G,), , males 
with . eo 


G1= —Zb0R (P,P) — BR“ g ee. 


413 p, 


a1 35h of) Cir | 
2 Pe )tsenso sina me: 


.Gy= ogee —2P,)+5oR- (Diy fe: 


1 10 
agg gh (GP | 
a aue * \Oucoso+br-.sine)k a 


If we return to (x, y, z) space by (2,9), ‘ 
aes potential can be written as 


O= = Ulreost + Ayrt+ Ayr *+31As (8, 0) ry ; 


where 
Ay= af , =, 
Ay = =f" [@,.cosé +sinO(a;,cosw+ a_sino)), De 
Be 


a= bu, @n=pbu, Ga=Hs. a. 


3. Formulae for the force and momen 
‘We shall now proceed to find the i 
mulae for the force and moment experienced wg 
by an obstacle in a uniform flow of a com- 
pressible fluid, mh 
By considering the: balance of the mom 
tum and of the angular momentum of 
_ fluid contained between the body and ay 
sphere of radius 7 with centre at the ories ip 


experienced oe the body: 


F=- fe ete {2 +0V- ee (3. D 


: 


‘ “ ‘l 


22 pt ba . 
M= = f{ : if é [r, V] gr’ sin dda, (3. Dot 
where p is the pressure, p the density, dr , 
the radial velocity r the radial vector, V the 
velocity vector, and [r, V] is the vector pro- 
duct of r and V. 


y * sin 0d @ Veen: 
a-teatf a- -M9y sin oa 


. =—Ar aa. - 
Hence — fae Aaa 
f 4 A= —p.Qu/4rpaU, 
0/100 = U[- 2 inion Os oie be Fag AIST A ati ae 
+3M%f—gr*cosOsind. |. and | . , Peg ey 
aa It O Cr) ee il X= ~pnQeU a com 
= Ure Ace — 4 Sin © } This is a thrust opposing to the direction® of 
_ the flow and an analogue of Imai’s result in 
the two- dimensional flow. On the other hand, 
in the expressions : 


“ee ee As {p sin 6 cos s0+pa Bost sin, nbc cos 
ea cos 0 cos o— “Jo te Ke sin 0 020de, 
= re ay BA 


is : nt Rs 


there remain ‘only febing of ee ‘erelet ri 
acconnt of linear factors cosw, sinew, wT 
shows that the lift vanishes for a ‘ontinuo 
simple-connected flow. = ast 
Next, we shall find the moment. 
Cartesian. coordinates, _ components _ 
ponent are, by = 2), (see Tae d, s 


ay 


aH St Se par rr sin 0) re sin Bae 


i 


ae {bcos 0 +a; (cos 0~ ~arsind) ‘ 


> { 


Nae | i, is of the: order 0 of ty froin 3 
- 20." op (1s Mops au nuns OCr*, at is linear in cos and sin @ while 
terms in the expansions ‘of p. an 
contain w. Thus, we see. tha 
zero when 7 is made infinitel 
6 4) Ly Calculation of M, are” tr 


an 
fin the other hand the total outward flow at after some reductior 


2 tn tim f “om*sinfdddn = == sin® # cos? @—M* cos? 
r—pov 0 Oo : . ; Ce fy "0 : fr f 
; 1 cos cos * @] sin di 


at Snenpa 0710" M., 


(3.9) 
In the same: manner 
| My=2ra- 00 aft f-* sin 020 
¢  S4ra,_.U?/(1—M?). (3.9) 


Or if we oe these with (1. y and d. lV) 
we find 


. 


M= 2a if ie A 20, ) sin odo, 10) 


My=—29.U a ay AsO, o)eos o0do. (3. 10 


Ss is “measured orn "the y-axis. 


potentials is known, the. moment of the body 
can be calculated immediately by (3.10) and 


Dae 


to be rather surprising. 


Thus, if only A, (0, w), the coefficient of 7-2 in » 


818. 
(3) Imai, I: Proc. Phys+Math. Soe ens 
_ (1942) 231. 
Imai, I: Rep. Aeron, Res. Inst. Tokyo 


the asymptotic expressions for the velocity — 


(3. 10/). In this case ae ‘moment. about the | 


direction. of uid i is. zero. ‘These results 


’ ; 4 4 
In conclusion, the author wishes to express 
his sincerest thanks to Professor I. Imai for 
his continual guidance and encouragement 
this work. 
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; ously reported. 


by the free jet mixing. - 


1. Introduction. 


e Recent Havelopinents : in the hot-wire 

_ technique have brought in the possibility of 
determining the statistical. characteristics of 
turbulence i in the wind-tunnel. Thus, energy 
: decay and velosity correlation were determined 
by various authors, (296) and several interest- 
5 ing features were revealed. As for the energy 


Bre _ JOURNAL OF THE PHYSICAL SoctEry OF JAPAN, ‘Vol. 6 No. 5 September—October, 1951 
"Experimental Study of the Spectrum of Isotropic Turbulence, L : 


- Hiroshi SATO. — 
rs fo “Institute di Industrial Science, University of Ate, 
Bt ie dent nda tid Received December 20, 1950) 


ae eae “measurements were made on the turbulence behind the grid. 
The wind-tunnel is of the single open-jet type and the range of) test). 
_ ...- gection covers from 20 to 70 times of mesh length. 
ms Riess) In the first place, the decay of total energy is proved to be inversely 
30 5a o: ‘proportional to the distance from grid. Energy spectrum which is okserved 
Bi i Rose Aci at various positions on the center line, is nearly the same as those preyi- — 
‘the decay of spectral components was measured directly 
by moving the hot-wire anemometer along the axis of wind-tunnel. TA 
ae low wave number region, energy decay follows the inverse power law. Mea au: 
read, Lah! But at high wave number, decay is severer at first and gradually becomes 
ais to the state of energy equilibrium. The last result seems to be influenced 


pectrum, however, measurements are rather  open-jet type’ having a rectangular cross: a 


In the 


o 


i Sntatiy the characteristics of fee yy 
improving the method of measuremen on 
energy spectrum. oe 


52. Equipment: 
Wind-Tunnel. ae 
The wind-tunnel used is of the single — 


oo <TTTTTEMMIT 


ge 


‘Fig. 1. Planform of Wind-Tunnel. .__ 


Hot-Wire. . _ 
re is ‘the spe Wollaston having 


ae portion of Imm jength 3 is etched. 
vi ing temperature is cee 200 deg. - 


frantte Sahat 
block | diagram of whole electric 
as Fig. 2, The input stage consists 
atstone » bridge. and- a switching 
The plate current of vacuum tube 
heat the wire. The reason will be - 


oltage free vlator ‘too VAG. 


g. 2. ‘Block Diagram of Circuit. 


Amplifier. eas 


he amplifier used i is of the ordinary type 


fier, an . impedance changer, a compensat- 


g network of the thermal lag of hot-wire, 


. power amplifier. D. C.’ high tension is 


. Fig. 3. b. Power Amplifier. : 


‘aslinptage tin Network. 


. The: sensitivity of the reeaanee anemo- 
meter falls down in the high frequency region. | 
_ Methods of compensation have been proposed — 
_ by many authors. Mock and Dryden once | 
pointed out® that C-R compensation was, 
inferior to that of ER But we reconsidered 
‘the C-R compensation from a new point | of 


view, and deciced to use Ita 
: . . e 


Fig. 4. ‘a: Compensating 
» Network. ; 


: Fig. 4. be 


vy The network’ of Fig. 4 a. is 
that of Fig. 4. \b. where R is” 


impedance. We get the equation ih 
ban 


cole = tone 1) ee yates 
Scots il ogiet mpiee 


where ‘oy =RilRy m 


‘out compensation the maximum’ over-all gain 


got 0.2 A/mV, and st toe response is 


tn is aad 


‘ecle [p= a4 Mian? a 
\ th CR,=M the ratio of the two is 
J=KL149/4p) —ms° (1+)? 


‘eles to leoes| 


mae ae 


quency. 

- Putting CRIs fe t x10-, mé1, we can edie 
acl peat error to 0.5 db at 5,000 c/s. 
no example of compensation characteristics 
is shown i in Fig. Lae eas 


{ CR € 
Calculated 


n 
RMD aoe 
Pgs, 


avi 


« 


~ Relati 


Beh ienct Frequency ¢/s 
eatie ‘Fig. 4. G Compensation Characteristics. ; 
a Filter, 

2 x Bandpass filter was newly constructed. 
Tt i is of wae egies AYRE ee Bye 


xe ey Rreaumiey: is eee by two setae 
- switches and there are 40 measuring spots 


here Kis a “constant ‘independent of fre: 


shown in Fig. 6. From these data we 7 


The ; 


to prove the inverse decay law of Batchelor 


between 2 and 5,000 c/s. The sharpness o 
resonance is adjustable and the maximum 
is about 50 over all ranges. 


oe Hot- Wire. . ; 
The thermal lag of hot-wire was measured 
by the method of Ziegler“ and Dryddn® 
that is, by superposing the alternating curren 
on the D. C. heating current. The pl: 


swinging its grid with an audio-oscillator. 
By this connection we can avoid $ 


battery. The results of measurements 


determine the time constant M, -and ac 
the compensation. 


Ateeuntion 


Relative. 


1000. 10 
Frequency e/s ays 5 


Fig. 6. Frequency Response of Hot Wire 


\ 


$4. ‘Decay of Total Energy. 
---The intensity, of turbulence was” measur 
The decay curves under. various. conditio "y 
are shown-in Fig. 7. The fact that the points _ 
are in a straight line when the. data are 
arranged: inthe form of U*/u’-versus'x, -seems 2: 


and~ ee 


Curves for #? are also shown in Fig. 7. 
_ The mark &/is ‘the value of » calculated 
from the spectrum. ~- 


ve 


“a 


§5. Energy Spectrum. 


’ One dimensional energy ‘spectrum ae e 
was measured. The results in the case of 
grid I, U=10m/s are shown in Fig, 8. The. 
measured frequency is 16 to 4,500c/s, the 
ieee wave number being 0.016 to 


nos: Peg 7. a. nip of Total Energy. 


CLR 
Mest 
[eacdeen| 1 


“Figs 8. Energy Spectrum, yi 


Ne ae 


4 
Positions of hot-svite were. changed a 


Le 


40 to 160cm behind the grid. The curve for 
4 a 7) 


pee Tear is normalized, ice. ys Fak= 1 wher 


PI 
is the wave number, for other positions to We 


. region, - ae es 
(ii) The filter characteristic is n t the pero 
cut-off, . 


It is the author: opinion, He veter. that 
ese difficulties are not unconquerable. More 
curate results will be reported in , the 
ubsequent paper. 

_. From the measured curves we can observe 
the following ; A 

i) There is no maximum in the spectrum. 
‘The maximum might occur in the low fre- 
‘quency region which is beyond the present 
measurements. But it is an essential question 
whether such a low frequency fluctuation 
would be called by the name of turbulence in 
‘the wind- tunnel. 

Gi) There is a domain where -5/3 power law 
is valid, but it is not so wide. 

(iii) From normalized spectrum curves we 
can calculate the value of a vas the equation, 


x 


“1/2 =(2n? [oro dh. 


The calculated, values. are shown in Fig. 
We. The agreement with the result from the 
total energy decay is fairly good. . 
(iv) Accuracy is not sufficient to inform about 
the deformation law of Cede in the decay 
pecs 


‘$6. Déesy of Spectral Components. 


Due to the energy transference between 


the components of different wave numbers, 
the spectrum curve changes its shape during 
the decay. This is an important problem in 


the study of the structure of turbulence. 
Since, however, the measurement of spectrum 


‘is, not so easy for the reasons above described, 
and since the temporal changes of measuring 
system may make the -result erroneous, 
sufficient accuracy cannot be expected in 
comparing the spectrum curves measured at 
various positions. - Therefore, we adopted an 
alternative method with a view to improving 
the accuracy. The procedure is as follows: 

(i) We select a spot of the filter, control the 
variable resistor to get the: proper indication 
of the output meter. 

(i) Travel the hot-wire longitudinally: ord 
read the output meter. __ 

iii) By plotting this reading against the 
distance behind, the grid, we get the decay 
law of spectral components. 


- This method is very simple and makes us | 


free from” the ae eos ener. 


Dsotropic Turbulence. 


40cm behind the grid is taken as unity. — 


ae Energy 


Gi) The decay of total energy is represented 


} a 


tesponse of hot-wire, the Bontucleation of high 
frequency, and the temporal changes Ofia 
measuring system. ni 

Experiments were made in fie two cases 
of U=5m/s and 10m/s using. the grid I. 
The decay curve is shown in Fig. 9. a, b., 
where the spectral component at the position 


— 


° 
8 : 
gy ° 
A 
ul: x 
- oc 
> a 
Td 
CY 
: ha 


of hot-wire off and stopping the ae 
both cases the outputs were zero. iene 

_ In Fig. 9 we observe the following : ie 
(i) The decay law is different for components — 
of different. wave numbers. 


_ There exists the: wave i anber for hick move to. git ee wave ‘number soir 
the decay is most severe; it moves to the decay. i 
lo er ‘wave numb-r during the decay. . The author wishes to express his hear y 
“Both results of different wind speed thanks to Prof. L Tani and Prof. H. Kumagai, 


incide each other, when the relative energy for their encouragements and -advices. - 
3 ‘Acknowledgements are also due to Mr. 


equipments and to. Mr. K. ‘Seimiya for 
_ assistance in measurements. x 
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"Some Remarks ‘on the Donkin! and Thermal Sthactatens 
; of a Heated Turbulent F luid. . 


_ By Eiichi INOUE. 
‘ a ae Geophysical Institute, Tokyo University. Arter # te 
(Received March 1) A961) 342: Ps ti 
12 \ ites il ig X See 
Specteal farictions for the velocity and etipecsture fluctuations in Zaks 55 b Miva sage 
. heated turbulent flow are obtained in the forms: UE AE crs 


PLR ae eae 6 (~(KI Kn) e253 R78 Whe eh ae 
~ for. the intermediate scale of turbulence element (turbulon) | and ~ ie 2 é ot ; 4 


, FRCS) RR, G(R Qtek 8 
for the smallest scale. Here k is the turbulon wave number, € Shee ee 
rate of energy dissipation, Q that of heat transfer, v the ‘kinematic ~-_ 
viscosity, x the heat diffusivity, K the turbulent viscosity, and Ky the oe 
turbulent heat diffusivity. Then the concept of smallest turbulon is aah 
defined as the intersection of two forms of the spectral function. MERUS Sacre 
it turns out that the scale of smallest dynamical turbulon coincides with 


that. of. smallest thermal turbuloa hte a the: Prandtl mumaber vi = ms 
equal to KiKn. é fe ete 


"Introduction. ON eS aia After thet time, Seneye the 


| *, acquainted with other author’s pay s-on. thi 
Recently the author‘ has dealt with: the problem. One is the t theoretica treatment b b 


mal properties of a heated turbulent fluid. A. M. Obuhoy™ and A. M. 


he paper of S. Come Ae M.S. 
: which contains experimental results. 
i ss the other hand, the author has also 
lealt with the concept of the smallest turbulon 
a turbulent fluid. Thus itseems somewhat 
rthwhile to discuss these problems again 
pecially for the dynamical and thermal 
tructure of a heated turbulent fluid. . ¢ 
_ In this paper the dynamical and thermal 
tructure. of a heated turbulent fluid is con- 
sidered with special respect to the dynamical 
‘and thermal properties of ‘the smallest 
‘turbulon. And some of results are compared 


herein with the recent experimental Tesults” 


f on and Pret 


g2. Ipsuainical Hae Thermal Structure of 
a Turbulent Fluid. 


In general any turbuleht fluid is supposed 
to be composed of turbulons (or eddies) of 
many ranks. These. turbulons are separated 


ss three ranges, ie. in ranges of the largest. 
turbulon, the. intermediate turbulon’ and the | 


; smallest turbulon.. In each range, the scale 
A and the velocity V are closely connected 
with each other owing ‘to the mutual interac- 
tion of turbulons. 
‘consider the mechanism of mutual interaction 
‘separately in three ranges. 

~.. In the range of the largest turbulon, the 


kept constant irrespective of the rank of 
turbulon. From this assumption the relation- 
oP. between A cue Vis tie tae as 


5 a peer 
eae ele & 


Prhius - ‘for this range the turbulon spectral 


function is obtained as _ - 


_ -F(~Kib, (2.2) 


ener k denotes ‘the turbulos wave number 
ee by | ee We 
| ae Par Geeie Y 23) 
In the range of the intermediate turbulon, 
the turbulon state is assumed to be described 
by the dissipation. rate e of turbulon energy 
only. ‘From this assumption ‘we can get 
tee relations : ee Re Eee 


VINK YAP ee OA) 


RP RS 


and accordingly 


‘viscosity Ko. 


of the smallest turbulon by the inters 
of two spectral functions (2.6) and (2.8). 
as Nea 


At present we must. 


urbulent viscosity Ky= AV is assumed to be | and accordingly 


ean ‘ Hence, as was pointed out by G.K. Batch lor 


‘representative of influence of the | 


- mass of turbulon has. been assumed to be the — 


of Turbulence. 


KS AVweb Ath, 
Pek) ete ee, 
In the range of the smallest turbulon, the 


relationship between the scale and the velocity — y 
fluctuations can be also described as 


Ve~(elv) A, 
ER) ~ Cy) Re, 


assuming the mechanism of the laminar di 
sipation®. 
_. The concept of the largest turbos is 
defined as the intersection of two spectra 
functions (2.2) and (2.6) as ; 


Py ~Ky Stet, 


¥ Age en" 
Vo = Ko Ay-~ Ko V/4g1.4 


Thus we can yaad the. length: Ag as : 
representative of influence of the turb 


fo wp Sisetl4 


é ‘ 
TF Aco prise 118" 


- VPory sonra ylil4e-t/ 


the length Ac can be conceived as 


~viscosity v. 

On the other hand, if a heated ‘tg 
fluid is considered, a certain mechanisms 
internal heat transfer owing to the mut 
interaction of turbulons must be assume 

These assumptions have already 
dealt with by the present author‘? and i 
quite: different way by Obuhov® 
Yaglom.,°*?. 

-In the author’s treatments the ee 
rate Q of heat energy per-unit time and unit 


essential quantity which is supposed to be 
corresponding to the dynamical quantity « for | — 


“the dynamical state of . k 


both (aires of Fb) conreependiie respectiv | 
as pusah hs to the ~5/3 power and the -3 power law. ‘And. 
ee COME aring it with the relation (2.4), the in Fig. 2 there seems to exist the anticipated 


tionship between the turbulon kinetic Looion of G(k) ‘corresponding +o the “8 
rgy and the turbulon temperature T is in power, law. 


‘al shown to be 


-2 


yee (DIG) pn ee TO, 


24 “diffusivity, and. is eventually shown to 
be t Prandtl number yl of a fluid: material, 


eons BES ye ci IB Ron pede 


atments ce special qusntieg N is” 


(he 


umed to be the essential quantity, that is 10° | 
N~Ku (T/A). SN 1D)\Ce: ree 10° 


yaring the above relation with @ 4) we . : 3 
readily Fig. 1. Exprimental Results of F® ina Jet. 
y ‘a Age =a ee (Gorrie and Uberoi BED 


@ 20) 


§ ly, in the intermediate ‘range. the 
five-thirds power law for the tem- 
fluctuation is obtained as Ma nS 


Bee ONE ine ee oe 


Cileenty. Corrsin Jana Uberoit® have 
‘ied out some measurements of both F(R) 
G(k) in a small-scale heated jet. Since 
_ used jet is of small scale, it seems | 
easonable to deal with only the region of 0” | 
h wave number, say more than 2~3cm-!, Sip Dts oh Phares 
osha experimental results, Figs. 1 and 2 i Digs cuenrk | 
ich contain respectively F(k) and G(k) are | 

produced from Fig. 14 of Corin’ mi Fi. 2 hens teete 


2 Smallest Turbulon. 


The concept of the smallest turbulon is 
b caarity the representative of domain of 
Taminar state in a turbulent fluid. “Thus it 
as seemed reasonable to the anthor to 
suppose that the domain of laminar energy 
dissipation and that of laminar heat transfer 
must be identical. And accordingly the pro- 


portionality coefficient « in (2.16) has been 
deduced to be the Prandtl number“. 


het 
%y 


turbulon is defined in §2 as the intersection 


7 


of two spectral functions for the intern ediate ~ 


and. the smallest turbulon range as (2.12), 
Quite _ similarly -we can also define the 
hermal smallest turbulon as the intersec 


2. 17) and (2. aN an fact, this point is shown 


to be kine on 
\ 


ie 


he nw nite —3/4 pete: ; 


fp 
+ 


Eid aaeh the condition that a is correspond- 
ing to the Prandtl number, it peconnr 
a oS ne he g~y- le 1/4 


. 


Baowing that the srialiont Srbaton is exactly 
4 rater to the aa smallest turbulon. 


(3.2) 


BL. Dynamical aad ‘Thermal Correlation 


_ ina Heated Turbulent ‘Fluid. 


Jt is well known that the correlation 
Feoefficients for the fluctuating quantities ina 
turbulent fluid can be deduced mathematically 
from the spectral functions for those quantities 
‘by means of the Fourier transform. 

: In fact, the author‘? has discussed the 


‘correlation coefficients for the temperature 
fluctuations in a heated turbulent fluid for 


the intermediate turbulon range as follows : 


S()=1-W/T", 
el ce 1—(7]Ao)"”. (4, 2) 


‘where Th and ne denote respectively the 
passage-time and the length of the effective 
largest turbulon in the fluid. On the other 
hand, those for the velocity Aptos are 
also. shown to be‘ 


Eulerian 


‘Eulerian 
‘Taylor-Karménian : 


» RQa1-TI, (4.3) 


Taylor-Kérmanian: cO- 1—(7/Ap?*. (4.4) 


oe Ag Ko? 


, ; Therefore, eovided the effective: larwent tor 
Smallest Turbulon and the “Thermal 


‘On the other hand, the dynamical smallest 


tion of two temperature spectral functions | 


there exist very distinct differences bet 
-§ and R, for which it would be comparative- 


41) 


bulons’ for the temperature and the velocity 
fluctuations are identical, _we can get readily 
the simple relations between S and FR as 


1-S()=(1-RO}, 
1-S(N=(1- RY. 


These relations are schematically shown in 
Fig. 3. . 


0 aie 


Fi ig. 3. The Schematical Diagrams for Ae : 
S(r) and R(r) 


It seems worthwhile to point out 


ly easy to be detected experimentally. — 


0 CR 
of RAB GeO 


Fig. 4. Experimental Results of 
S(y) and R(y) in a Heated Jet. 
(Corrsin and Uberoi 1950) 


Recently Corrsin and Uberoi‘? have — 
carried out such experimental measurements 


= 


~ 


e ie drawn, being fitted at a relevent 


oint on R(7) ie. r=0. 009 in. and R(r)=0.80.. 


pep seh the agreement for RG) curve in 


icted only to a particular region. How- 
this discrepancy in S(7) curve might be 
due to the fact that the effective 
turbulon for S(r) is not identical with 


them the ~7/3 power oe “Of the. 


ature speceua in the _ intermediate 


MM Meciidn must be given hy ie AES 
iental results. And making use of the 


(6) G. K. Ratehelors: 
_ (7) E. Inoue: 


(8) G.I. Taylor: 


ore however: it seems difficult to decide t the 
superiority betweten these two assumptions. 


+ “ ~~ “ 


Acknowledgement—In conclusion I wish 
to express my sincere thank to Dr. F. R. 
Hama, The Johns Hopkins University, for his 
kindness. having enabled me to havea chan Ce 
to see , COTtsns and Uberoi’s recent Paper. 


References. 4 


Geophys, Hele. Tokyo Univ, 8 (ag 


(1) E. Inoue: 
No, 34.706 

(2) A. M. Obuhov: ‘Iw. Akad’ Nant SSSR, 

' Geogr. Geofiz., 13 (1949), 58 Doe hw ee eo 

(3) A.M. Yasloin: Dokiady: Akad. Nauk SSSR, 69 

(1949), 743, 

(4) S. Corrsin and M. S.. Uberoi : 
Note, No. 2124 (1950). 

(5) E. Inoue: Rept. Inst. Sci. Technol. Univ. Tokyo, 
4 (1950, 194. . 


NACA Tech 


‘Quart ‘Journ. Roy. Met. ‘Soe, 
~76 (1950), 133. > 

Geophys. Note, Tokyo Univ., 8 ae 0), 
No. 35. t 

‘Proc? Roy! Soc. A, 164, -(aae ) 


476. 


; 367. 


-¢°) 1DF ‘Inoue: Journ. Met. Soc. Japan, “bh 960) 


J. Pys. Soc. JAPAN Vol. 6 (1951) 397 - 


On the Deviation from the Ohm’s Law 
at the Anode Surface of the 
Sard ns Oxide Rectifiers. 


By Mitsuo ONO 


ee Department of Applied oe Fugitty of 
fe , Engineering, Nagoya University. 


(Received February 8, 1951) 


The self-capacity of the selenium rectifie 1s ay 


| ohigh frequencies decreases monotonously as the bias 
voltages varies from small positive to large negative 
voltages, and it does ‘not fluctuate much when the 
_ bias voltage has small positive or negative values‘). 


‘rectifiers with graphite. In this case, the curve of 
- capacity v.s. bias voltage is not monotonous, and the 
capacity decreases sharply as the bias voltage appro- 
aches: Zer0, as shown in Fig. a ae age \ 


4 ss en ig am “Rese tinhns - 
eae . ee é 2000 


ae -{ .0 mt 
: Bias Vo ltage 
; Fig. 1. 


= 7-6-5 -4 -3 


This fact may be explained on the assumption 


that there exists a non-Ohmic resistance in series to | 


a the rectifier, which has a resistance only for small 


electric field, as it is in the case of the “thyrite’”®, | 


_ If we can know the non-Ohmic resistance R, which 
- is zero for sufficiently high voltages, we shall be able 
~~ to redtice the curves of Fig. I. to the case where R 
is absent. On the other hand, assuming the capacity 
- changes monotonously as shown in the dashed line 
i in Fig. 1, we can, from the experimental curve, 
calculate R and the resistance as a function of bias. 
voltage for the ideal case in which FR is absent. 
These BeapHta are shown in Fig. 2. and in the dashed 
- dine in Fig. 1. we: : 
As the rectifiers are dopelated contintially: the 
| self. capacity for the zero bias voltage gradually 
_ decreases, - and the resistance increases, but the 
3 éffect is small for large negative voltages. It may 
a pe ere that the agings phenomena have partly 
3 
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é But this «is. not: the case for the cuprous oxide ~. 


considered, .but by the following method both 


397 


‘non-Ohmie 1000 
Resistance /’: 


(ini Ohms) 


-1.0-05 00.5710 
Bias Voltage 


Fig. 2. 


Peaenede: 
The non-Ohmic resistances R will be the C 
resistance between the graphite - ariode and t 
cuprous oxide, because we can hardly recognize ; 
an effect on the rectifiers with gold anode. 
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On the Noes of Charged Particles sg 
of the Cosmic Radiation 
in Nuclear Emulsions. — 


By Seitaro YAMAGUCHI and Masaomi TAKAHA’ 
; ab i ge of Physics, Faculty of Science, 
Osaka University. ; ; 

‘ TRead Nov. 4, 1950, Received April 4, 1951) 


It has: ‘been fipaastie to determine. the mé 
charged particle by grain counting in. nuclear e1 
sion when the fading of the latent images was to be 


values of masses and fadings of cosmic radiatic 
are evaluated at the same time. Zi. 
In the case that the charge and the velocity 
two particles are equal, the following equations’ are 
satisfied, re 


Ri Ms a 
en ok a 


where N;, Ri, My; No, Ro, Mo dotenent their total 


-grain numbers, residual ranges and masses respec- 


tively, see, (1),* -(2).* - 


F ay Then the relation 
a log N=log R+log/(R/M) 


f the plate is measured soon after the part- 
assed through it. 
the relation 


log N' log e=log R+log/(R/M) 


(3) 


e particles of same masses, log N~log R 
be translated parallel to log N axis in 
ith the change of fading coefficient «, 
, when the mass of any particle M; is 
t can be taken as the standard and un- 
ass M, and fading coefficient « of the other 
an be determined, M;/M, is given by the 
of translation in direction 45° to log R axis 
< relation ; 


he R;—log Re)=n/2 log (My /Mp)=const ( 4 ) 


Hel to log N axis in the relation (3). 
2 observed four N: T.B.. plates, 50 “ thick, 


es developer (3)*. 
ch track was observed by using x 100 x10 


thod above mentioned. : 

hi ‘results thus ontained are shown in Table I.. 
urther investigations are now going on. We 
to express our sincere thanks to Professer Y. 
ase for his encouragement in the course of our 


Kyoto University for their allowance for the use 
f their N.T.B. plates. 
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log ‘a is given by the distance of transla- | 


earch and also to Professer K. Kimuraand others. ° 


: University of Kyoto, Ser. As / 


& 2. Article 17, 1950, 
Table I 
Maes not seas Mass Me gaia ey 8 Remarks 
17 «a 1970 Standard 
‘13 ? 430 : prong of star 
8 ww, 3300 6500 7200 0.79 
18 - w, 2220 6500-7600 0.85 
28 D, 2900 3400-3800 1.00 
1 Ds 1600 3300-3600 0.75. 
16 Ds; 1440 3600-4000 0.90 prong of star — 
7 Ds ..1070 31003600 089 © © ; 
11. -Dg 1620." >P +P 
10 “\ Dg + “500 <P +P 
33 P,; 2650 1800 0.77 standard 
; of mass 
4 P, 1640 1800-2000 0.86 prong of star 
ye 2 980 2000-2250 1.00 
5 PF, 880 21002250 1.03 
23 =P, ~~ 840 2000-2250 0.93 
96-4 Ps 840 2000-2250 1.10 
199 PB 790 2000-2250 093 
25 -P, *%650 1800-2100 1.00, 
24. =P, 600 1800 2100 0.98 
14 Po 560 1500-1900 0.83 
12. Pu 510 1300-1900 0.76 ~ 
2) 20 Wl Pis 410 =P } Pioduéed erent 
} ~ ‘meson No. 22 
9 t 930 770-810 0.79 ss 
‘a a 1020 630- 660 0.71 
GXe he 700 410-495 0.80 . 
22 ? 350°. > 4 produce heavy 
particle No. 21 
27 2? '400 >e a 2g aR Sam 
15 mi 400-185-210 1.02 aN 
29 uw «640. «185- 170 0.95 


* Track no. 1-7, 8-16, 17- 24, 25-29 belong n no. 1 no. 2, a 


no. 3, no. 4, ney respectively: ai 


''y { eS pe 


"7 re { 
Me d 


om . be ae 
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An Application of Begnoriiar Counters ” i 
to Mass Determination (ly a 


By Masafumi INOKI. 
Paysics Institute, Yamanashi . University, Refs. 
‘hetsves May 21, 1961) 


slow cosmic ray particles, iEbes velocuae are na 
than half light velocity, with an ‘abparaiie 5 


1951) 


of two proportional counters and a cloud chamber. 
As is shown in Fig (1), the two proportional counters 
and four or five aluminium foils are placed in the 
cloud chamber. The specific. ionization of the parti- 
cles stopped in the cloud chamber is measured with 
the proportional counters and their range is deter- 
mined with the number of foils through which the 
particle has passed. The thickness of aluminium 
foils is 1 mm in the first, 0.5 mm in the second and 
0.1 mm in the third experiment. No absorbers are 
used over the cloud chamber except concrete roof 
corresponding to 5cm lead. 


i 


Fig. (1), The schematic diagram of the apparatus 
showing the cloud chamber, Geiger counter G, 
two proportional counters (P;, P,), the absor- 
bers (A) and the Braun tube (B). 


The cloud chamber is expanded when three 
fold coincidence occurs among one Geiger counter 
placed over it and two proportional counters in the 
cloud chamber. By a suitable selection of pulses 
from the proportional counters, we succeeded -to 
take the cloud chamber: photogaphs of slow cosmic 
ray particles only. Therefore we could save time and 
expenses of taking the photographs of the fast 
particles. 

In the measurement of the specific ionization, 
when the size of pulses from the two proportional 
counters were different, we used the smaller one, to 
elimiate the large error of the estimation of the 
specific ionization due to the emergence of large 
blobs of ionization caused by the secondary ele- 
ctrons of the ‘primary particle inside one propor- 
tional counter tube. The error of the specific ioniza- 
tion due to different path length of the particles 
inside the proportional counter tube was corrected 
by using the stereoscopic cloud chamber photo- 
graphs. The probable error of the specific ioniza- 
tion was determined by the measurement of the 
‘specific ionization of fifty fast cosmic ray. particles 
‘and found'it to be 22/D%, where D is the specific 


Short Notes. 


399 


ionization in unit of the minimun ionization. As 
the probable error of the range, we used a quarter 
of the thickness of the absorber. 

We have obtained forty-six particles stopped in 
the absorbers, fifteen particles of them being sur- 
mised from their features as very slow protons 
Then we have determined the mass of the remain- 
ing thirty-one particles. The experimental values 
of specific ionization versus range of these particles 
are plotted in Fig. (2), in which also the theoretical 
curves for mesons, electron and proton are shown. 


Sw tu MRA Ow Y 


= 


LL 


fe) ‘1 2 3 4 5 
Fig. (2), The relation between range and specific 
ionization. The diagonal lines have their centers 
at the observed values of range and specific 


6 Rum 


ionization. The length of the lines is such that 
the projection on R and D co-ordinates are the 
extent of twice of the probable errors, 24R, 24D. 


Considering the various errors and estimating 
the accuracy of this experiment, it seems to be re- 
asonable that the sixteen particles whose masses 
are distributed between 122 and 376 may be #-mesons 
and the three particles having larger masses than 
376 may be protons, while twelve particles having 
masses smaller than 122 are not certain whether 
they belong to w-meson or a new meson, lighter 
than uw, because their experimental values are ex- 
ceedingly apart from the values of m-meson, even 
if taking errors into consideration. If they belong 
to w-meson, the small estimation of the mass value 
may be due to some instrumental effect or some un- 
known abnormal absorption of slow »-meson by the 
absorbers. We have calculated the weighted mean 
of the sixteen masses mentioned above and found 
it to be M=190.0-+411.6. This value coincides with 
w-meson mass which has been measured hitherto 
by the various authors. 

The intensity of the slow »w-meson stopped in 
1mm aluminium plate was about 1/13,400 of the 
total cosmic ray particles and it coincides with the 
data by Chang. The total time of the operation 
was about 350 hours and the total number of the 
photographs taken was 1420. According to this re- 


‘search, the forty-six slow particles mentioned above 


are to be contained in about 186,000 cosmic ray 
particles at sea level. 
Finally, the author wishes to thank the late Dr. 
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Fig. (3), The typical cloud chamber photograph 
of the slow u-meson, taken by ? 
the front camera. 


Y. Nishina who gave the author a suggestion on 
this study. He is also indebted to Professor Robert. 
B. Brode of the University of California for his use- 
ful instruction given recently concering the method 
of mass determination. 
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Note on Rayleigh’s Problem for a Bent 
Flat Plate 


By Hidenori HASIMOTO 


Department of Physics, Faculty of Science, 
University of Tokyo 


(Received May 24, 1951) 


With cylindrical coordinates O (v,0,2) an infinitely 
thin infinite bent plate coincident with two half 
planes @=0, 6=a(r=0) is initially at rest surrounded 
by viscous incompressible fluid at rest; starting at 
time t=0 the plate is made to move uniformly with 
velocity W parallel to z axis, and we are required to 
determine the subsequent motion of the fluid in the 
region 0<é@<a, and the skin friction on the plate. 


(Vol 6, 


This problem is of particular interest, as it gives 
the qualitative picture of the boundary layer growth 
on a plate. Thus in 1911 Rayleigh considered the 
case a=zx, and recently Howarth® treated the case 
a=2r with a view to discussing the edge effect on 
the boundary layer growth. In order to study the 
corner effect of a bent plate, we have treated the 
general case 0<a<2x. Thus, we have obtained, as 
in Howarth’s treatment, a solution in terms of con- 
fluent hypergeometric functions, which can be simpli- 
fied by means of the integral representation of these 


functions; in particular we have found a very simple. 


expression for the skin friction of the plate. Also 
it was found that in the case of a=x/m (m=integer), 
even the velocity distribution can be expressed in 
a closed form in terms of error and exponential 
functions. Recently we became aware that the case 
a=nx/m, had already been studied by Sowerby, 
giving the same solution as ours. However, his 
solution is confined only to the case a=x/m, and 
the outer problem is left untouched. 

In this note will be given a brief outline of our 
method and results obtained. The skin friction < on 
the plate can be expressed as 


Pia AB) ee 
"ae Pea) OC + hike), 
(1) 


where k=(2n-1)8, B=2x/a. 4 = r°/(4vt), wis the viscosity, 
v the kinematic viscosity, and 1F! the confluent hy- 
pergeometric functions. Using the formulae, 


iF} (k/2-+1, k+1, 0) 


= I'(k+1) seer fates ie 
NATE 2 Dd oo eM —a)kda, (2) 


gki2—1 


21 E2P 
V(k/2) — Qui af: B, pre dp z>0, (8) 


and 


e 1 _ p-Br 
p> pon-bph J prk” 


Re(p)>1, (4) 


we get finally 


© sin hu cos h6u 


(REN eruee sae oh if 
RW te pn 4 cade 0 cosk28u— cosa 


es n<n!(oa) 
(a1/°sinhu)du+2 by (—)"cosne-exp(—nsin2xa)-erf 
n= 


(n'"cosna), (5) 


where (x) is a tabulated function :“ 
1(“)= en® [et dt= free sin 2xt dt. (6) 


If B=2m, the second term on the right-hand side of 
(5) vanishes, so that (5) reduces to Sowerby’s result. 
If 8=2m+1 the integral in (5) can be evaluated by 
the contour integration of (cos h26z—cos $)-1 sin kz 
cos h$zexp (2in! ¢sin hz), thus reducing to Sowerby’s 


cag ee 
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Fcoull. It may also te naked that the last term of (5) 
anishes when 2=$21/2 (s/2<a<2n). Subtracting - 
rom 7 Rayleygh’s value tg=pw(xvt)-1", integrating 


z ® ; 
= 23, —)¥cotka, «=7/(2m-|-1), | - (7) 
a ke ; 
: where 
a 16 utgh u-cos hbu (8) 
s cosh2bu—cosbr / 


- Rayleigh’s value. The integrals of (5) and & are 
suited for the numerical integration. 


tically by the contour integration. . For example, we 
get 


Co oa K Elpw. E/uw 
90°} 2 finite = |-2/m -0.6366 
PACE Veg” 2B so; ae 
1209| 322 VOB 715 T" | ~[3/2—2/v/8] |-0:3458 
ay | [4/3/16 —1/9]n?. |— [16/3/27 9 
BP PR ite /Sef12 1s 23m) = 17 | Oo 
+ yg0e} 1 | 2/4’ se be ere Bonet Oy 
Bele tab (/39~ |: 3//B—2)/8 
a 28) eerie}. <3 | 228° 
70° 2/3| | /32,6-+22/9 mee vaj2n | 03010 
a i [527//3+52 | 2/,/3— 
R00 87) Gn%gx/1OyT |. 2.4tg(n/to) | 99/49 
360°} 1/2 | 2//2-+ /277/8 | 1/2 0.5 


. ; Pra 
Here ees (31/8), T=12sin (30/10). 

E being known, we can make the same discussion 

. for the plate of finite breadth as done by Howarth 

~ and Sowerby, In conclusion the author express his 

~ cordial thanks to Professor I. Imai for his continuous 


‘guidance and encouragement. 
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Beets GNIOIT) IEG =a 


a re ee 


represents the total excess of the skin friction over 


When $=n/a _ 
is a rational number, K can be caluculated analy-. 


_ belong to hareaediate state between F und’s 
‘ and b. ‘Increasing th from Bs to 20, A increases 


change in A, between v=0, 1 and 2. 
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On the Band-System of Neutral OD. 


By Hirobumi OURA. 


Institute of Low Temperature Science, 
Hokkaido University. 


(Received May 31, 1951) 
Ay 

The ultraviolet ray emitted by neutral OD mole- 
cules was obtained by geissler discharge in the vapour 
of heavy water, and the 2nd order spectrum by co 
cave grating having radius 6.5m was analysed, 
Spectral lines were classified in the (0,1) band 94 
lines, in (1,1) 130, in (1,0) 145, in (1,2) 113, in (2,2' 
78, in (2,1) 113, respectively. The anaylsis of the 
(0,0) band was reported in previous paper: 1g) Bi ‘ 


ane, apelin combination principle. (0,0) 1 
(1,0), (1,1), (1,2); (2,0), (2,1). 
The bands involving the same vibrational | 


other. (0,0), (1,0), (2/0); (0,1), (1,1) (2,1), 8 51) 
(2, He 


8Bboe obo 


case a to case. b. We can hardly find aa 


. The width of the Atype doubling of the * stat te 
is shown in be 1, rx ; 


a = 9,043, Bo 89) 862, 
2 Bi = 9.208. ' Be = 9,991, 
a’ =0.331, a!” =0,258, 


‘ium ‘positions are calculated from By. 
; Ye =1.012A, %e'=0.971 A: 
The band origins are shown in Table I. 
ef The vibrational . constants obtained from the 


0 1 2 


—— 
ea 


| 32477.4 2682.0: 29845.4 
| 2213.9 2215.4 
| 34691.3 2630.5 32060.8.2540.9 29519.9 
© | 2110.3 21109 2106.8 
| 36801.6 2629.9 34171.7 2545.0 31626.7 
2106.9 ‘ 
36178.6 


‘w =2313.50, _-x'w' = 49.18, 

~. wi! =2716.13, > xs" = 42.15, | 

ese vibrational and rotational constants show 

‘ zc ) Re coincidence with those calculated from the con- 
t of OH® ee isotope ote into: considera- 


he dissociation energy is 
Tales 22488cm-1 =2.789e.V., 
4. De" =34227cem-1=4.244e Y,, 
; “la =23632cm-!=2, 930e.V., . 
arcane 2 " =38575em ad 4lle.V. 


af roy Temperatur Science ¥ 6. p. A170, 
in detail. (in Japanese.) 
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s of Table I. by the least squares are shown _ 


_ penetrating showers dividing the absorber into two 


a's Hodoscope Study-« on the Penetrating 
Shower. 


By Yuzuru WATASE, Minoru ODA, naeoae 
KUBOZOE and Shigeru HIGASHI ~ 


(Osaka City University) 
(Received June 4, aoe) 


Recently it is plausibly believed that the seceded 
particles of the penetrating showers are mostly com- 
posed of nucleons and pi-mesons, and their mean i 
free path relative proportion and their are under in-— 
vestigation by many authors. Present authors would ~ 
like to report some preliminary results of an experi- 
ment performed at sea level by a.counter hodos- 
cope. : 


7 000060 00060000000000 eh er 
Fig. 1, af 
Experimental arrangement is sketched in . fig. ey 
A,B,C,D, and E trays are of ten counters of 4cm * 
dia. and 40cm effecive length. and F tray is of 
twenty counters of 2cm dia. and 40cm ‘effective | 
length. The master pulse was generated by coin- 
cidence of two or more of B counters, three or more ~ 
of C counters and any one of’D counters. Thus, 
15000 events were recorded during 1444 hours. In- 
these events the case in which two ‘or more “DH 
counters and one or two A counters discharged y was 
regarded as local ‘penetrating ‘shower produced. by b 
the top layer of lead. This method, to select _ the | 
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parts was superior ‘to other usual ‘method, because | 
ithe correction neéded was considerably small in this. 
case. When two or more side counters discharged . 
the’ record was omitted from statistics. Chance coin- 
cidences and knock on electrons from the lead were , 
taken into account, but they were very a 
prs 8 ‘The thickness of lead absorber betv 


tainad. “When two: neighboring a ebdidties rates 
ed, it interpreted as at Bie one: parce was emit 


Seen “Thirty ‘ieroerits of penetrating Sowers 
emit backwa: ‘d particles. mot 


a ae Experimental. results obtained are shown in fig. 
- 2and 3. Fig. 2 represents the multiplicity spectrum 
Bot penetrating showers produced at the top layer of 


lead of 5cm where abscissa and ordinate represent - 


_ the multiplicity of secondaries measured by E and 
_ F trays and counting rate respectively. Chances of 


missing the secondary particles were taken into ac-- 


- count. Multiplicity spectrum of thin tracks i in emuls- 
ion obtained by Bristol group? is translated in this 
‘condition and plotted-in the figure. The slope of 


the curve seems to agree with the spectrum under 


10cm lead, though absolute frequency does not so 
well agree. T he mean free path of secondary par- 
ticles which can penetrate at least 20cm lead is 
fs estimated from the decreasé of average multiplicity 
with increasing lead thickness and of the rate of 


- penetrating showers having at jeast two secondaries. 
- under increasing lead absorber. Thus it is estimated . 


as 300+100g/cm?. - It should be noted that the mean 
‘ free path estimated by the latter-method needs a 


F, correction concerning the shape of- the multiplicity | 


_ $pectrum. as shown in fig. 2, ‘the spectrum decrease 
e. with increasing the thickness of lean absorber up to 
20cm ‘lead, but there is no remarkable variation be- 
yond 20cm lead. 


é pata ft ee 


fed 


ae fig. 3 “poualtiplicity eaub pene of veneteting. 
showers which were produced at top layer of carbon 
Sil g/cm? is shown. . In: this. case the multiplicity oe 


regarded as the air showers accompanied by penetrat- 


_ become. 


trum is considerably different from that of lead ard & 
this fact may be rationally comprehended. ‘ my 

This work was done as a preliminary part of woe 
study which will be performed by the present au- — 
thors and S. Ozaki and T. Kitamura. f 
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In the course of the hodoscope study of the 
local penetrating shower, reported in this issue, we , 
have frequently observed the cases in which more a 
than three counters in A tray discharged. It was 


ing particles which discharged B and C counters and 
opened the hodoscope master circuit. In order to. an 

see the density spectrum of this shower F tray ‘was 
placed just above A tray. Density spectrum estimat 
ed by the number of discharged F counters is shown 
in fig. 1 by curve (a) where the hodoscope master ae 
is B22 C=3 D=1 coincidence. These showers can- 
not be explained by the knock-on showers produced _ at 
by- the roof. The density spectrum of these’ air” 
showers accompanied by at least one particle which 


fig. 1 by curve (b). Comparing these two oucvoae 
may be concluded that the denser the air shower i 
the larger the chance of accompanying hard Dae 


jaoy C® 


Countsy 


ID) pa 
D4 ix 
rb4 0 
pap 
ae 


/ 5 eat LO ar peer 
roe 
‘In order to confirm this conclusion, F. ae was’ 
divided into three groups and was set outdoors about’ 
3m apart from the main part of the arrangement. 


cia F counters and the existence of hard part- 
pape 


¢ noe radiations in this case the fomendy is con- 
ee: 


id: able larger than that in the previous case. In 

the relation between the density estimated by 

: rand the number of discharged A,B,C. D and 
iters is shown. 


mw”, o; 
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~ 


: fotetation of recryeeailteation nuclei was re- 
as a Markoff process. 192) Hence, the pro- 


dPldt= —mP 


e m is the rate of nucleus formation. Thus, 


lere: q corresponds to N, the rate of nucleus forma- 
1 between ¢ and t+-dt in Anderson and Mehls’ 


“SXELONGATION | 
60 GRAINS/MMP 


eo thin, 
2400 @ 


J ae 
0 1200 
Fig. i Calculated from Pen and Mehl’s data, 


of the curve as aicork ‘in Fig. 1. It ie sidered 


from Fig. 2 that m thus determined begins to have 


some finite value at some time (after incubation — ; 
time), increases and thereafter have some constant A 
value mp) almost all over the time concerned. By : 


_ the analysis used above, it can be known that m 
increases with increase of temperature (Fig. 1), prior ¢ 


plastic deformation, and grain’ number per unit 


_ area of specimens. These effects are well understood 
from the nucleation theory, which leads to 


| m=ZRT|h expl(— 4ftaF VT] 


‘Eq. (3) shows that the: eaese of ac if 


maximum free energy for nucleus: formation ‘PF 
And nuclei will igen cap ccaetate ¢ at the gra 


wees te 5 


= incubation time 


OI YAO AY 225| 


SOA 


undaries which increase with grain number per 

unit area of specimens. Further investegation is 

desired to decide whether the: appearnce of the part 

where m appearently increases in the time curve is 

-due to an actual increasing of m or due to the 

"distribution of different incubation times. 

oe The author wishes to express his deep thanks | 
“to Prof. M. Hirata. for his very kind guidance, and 

_ encouragement. 
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On the Color of Chromatic Polarization 


By Hiroshi KUBOTA 
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Although the color of a crystal plate placed 
‘between two Nicol’s prisms and illuminated by white 
light are well known, they are described with color 
names and lacked objectivity. To save this defect, 
tie author has studied to describe these colors color- 
-imetrically, some of which were shown in the former 
paper“, In this note, we shall show a simple method 

_of getting the interference color of a crystal plate. 


Fig. 1 
Pe Ae planes of polarization in crystal late) 
P: plane of polarization of polarizer, 
A; plane of polarization, of analyser. 


If. we take the planes of polarization of light in 
‘erystal as X and Y axes and-taking therangle be- 
‘tween X and the plane of polarization of the polari- 


Short Notes. 


_ difference 6. 


‘purity of the color through a factor «=(B-—C)/4BC. 


each other in cases of «20 and «<0 for the same 6. 


B=cose:cosé@ and C=sin e-sin @, accordingly, 


405 Sa 


zer P and the Ne A as p and @ as shown ‘in. a 
Fig. 1, then the amplitude of the light coming out 
from the analyser is as follows, taking the light — 
from the polarizer as exp (iw), : 


T=c0se-cosé+ exp (iwt)+sin ¢- sin 6 exp i (wf-+6) 


where 6=2x(ud), in which 4 is the wave length and i 
@ the difference of refractive indices for mutually ae 
perpendicularly polarized light in the crystal and d 


‘the thickness of the crystal plate, so (ud) is the — rs 


retardation of light during the passage of crystal. 
This equation shows that the light coming out 
from the analyser can be considered as the sum of 
two beams with phase difference 6, while the inter- 
ference color of two beams is already studied in the 
previous paper, so we can describe the color of — 
crystal plate by utilizing the result of it. 
According to it, the dominant wave length of — 
the interference color is determined by the phase ~ 
’ The amplitudes of the two beams, taken na 
as B and C in the former paper, determine the te 


The smaller the |¢, is, the larger is the purity of the 
color and the purity becomes maximum when <=0 
and -1, whereas the colors are complementary © to 


Now, in the case of the crystal plate, gee is 


e=(cosp cosé@ — sing sind)?/4cos p cos @ sin psin@ 
=(1-—tan p- tan é)?/4 tan p- tane. 


So «=0 when tan p-tané=+1, that is whenp+e= noe 
and «= —1 when tane-tang=—1, that is when p—@ 
=n1/2. So, if we take p and @ as abscissa and ordi 
nate, then the loci of the points of maximum purity — 
become a set of straight lines. In Fig. 2, they are oo 
shown with full («=0) and dotted ((=—1) lines re 
spectively. Other loci of the points on which EAS 
constant. (equi-e curves) are also given in the > ‘fig 
for ¢=0.125, 0.8, 3.0 and —1.13, —1.80, 4,09, a 
though they are not straight lines. With this figure 
we can, ‘not only easily find «-values when @ and 
are given, but also able to get the general view ¢ 
the mode of change of color by the rotation of 
crystal plate or Nicol’s prisms. That is, (a) : ifwe 
fix the crystal and analyser (at 0=6)) and rotat 


then the * reat tains locus is the straight li 
which passes through p= and parallel to the 0 —axis. 
Finally, (c) if we fix the Nicol’s prisms and rotate 
the crystal plate only, then as p—g=y=const., the 
points which satisfy this condition are on the straight 
line running parailel to: the bisector of X and Y 
axes, In.the figure, the case when the angle y is . 
kept 50° is given by thick broken line for example. 


_ 


- 
case, purity increases or decreases" as the 
. ite As seen in the figure, we are able 


a nid the acta is maximum when it inter: 
i th the locus of eo that is the ‘case 2: 


olor, which was given in the previous paper, 
e the mode of change of color clear in a very 
ple way. F; 


mane 5: ‘H. Kubota,Jour. Phys. Soc., Japan. 5, (1950) 10: 


on 


ey / 
, me: 2. Equi-< curves. — 
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On the Ano alous Biructarer of ey 
Zine Oxide. ie a 
» By Kenzo TANAKA, ‘Physical Trslitate Fosaliy® ee 


7 
; 
of Science, Kyoto University, and Hatsujiro 
: ‘HASHIMOTO, Kyoto Technical University | 
“It was reported by. Finch in 1934 that Heuhadel 


. found a pseudomorphic zinc oxide in the surface ; 
coating of zinc melt. To ascertain its existence, we 


used similar’ films from melt. of electrolytic zinc. 
The substrate of the film was either nickel or 


copper. The specimen was: set in the electron dif- 


_. fraction apparatus with heating: device - and. Was 


heated. The transmission pattern ' was observed con: 


tinuously and some PpRORADER: were taken Hynes 4 


the heating process. -. as = 
The diffraction pattern. eae ‘at ‘room. | tempe- a 
rature consisted of spots and rings, ans, ‘one of the em . ¥e 


1981) 


is shown in Fig. 1. Most of the spots were due to 
normal zinc crystals, but some spots were found to 
be at the positions which could not be identified 
with spots for normal.zinc. The spacings for the 
anomalous spots are shown in Table 1. Two kinds 
of spots were also found at the positions correspond- 
ing to the prohibited (007) where nis odd and (111) 
reflections of zinc, but by taking photographs at 
different settings of the specimen for the electron 
beam they were explained as arising from double 
reflections from other planes of zinc. All of the 
rings of the pattern were identified with the reflec- 
tions of ZnO except: for one with spacing of 1.75 A 
which corresponds to the prohibited (003) reflection 
of ZnO. 

By heating the specimen in the vacuum of the 
diffraction apparatus oxidation of the film took place 
gradually, and all the spots became faint and dis- 
appeared at 300°~350°C and there appeared a dif- 
ferent pattern. This pattern consisted of rings due 
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Fig. 1. Electron diffraction pattern at room 
temperature spots of Zn, rings of ZnO 
and extra spots. 


Fig. 2. Electron diffration pattern at 300° —350°C. 
Rings indicated with arrows (}) are due 
to intermediate phase II. 


to normal ZnO of the dimensions of a=3.25 A and 
c=—5.23A, and some extra rings. ZnO crystals in the 
film were in fibrous arrangement with fiber of [001] 
normal to the surface of the film. When the speci- 
men was set so that the’ normal of the film made 
an angle of about 20° with the incident beam, the 
diffraction pattern changed to the type shown in 
Fig. 2. 

These extra rings faded out at about 400°~500°C 
and by further heating the whole pattern became that 
of normal ZnO. The extra rings can be explained as 
due to a hexagonal crystal (Phase II) of dimensions 
of a=9.75 A and c=10.46 A which agree with 3a 
and 2c: of normal ‘ZnO structure, and its unit cell 
contain 18 units, of ZnO crystal. The anomalous 


Zn 
Q=2659A a=797h a=9,.75A a=325 
c=4.94 A c=G.8gA C=10.46A C=5,23 


Fig. 3. Schematic representations of two - 
phases as cormpared with Zn 
and ZnO cells, 


408 


spots obtained. at room.temperature can also be ex- 


plained as due to a hexagonal crystal (Phase I) of 
dimensions a=7.97 A and c=9.88 A which also agree 
with 3a and 2c of normal Zn crystal. The spacings 
and the indices calculated for these structures are 
shown in Tables 1 and 2 and their dimensions are 
shown schemematically in Fig. 3. 


Table 1. PhasevI. Table 2. Phase II. 


aA) | aA) d(A) | d(A) 
obs. calc. hkl obs. calc. hkl 
4.94 4.94 002 8.44 8.44 100 
6.56 6.56 101 
3.45 3.45 200 4.85 4.87 110 
003 3.89 3.90 201 
3.22 | 325 | (o91)|| 356 | 358 | 112 
3.26 3.28 202 
2.82 2.82 202 2.02 2.00 293 
Legon 1.74 006 


Though the atomic arrangement in these struc- - 


tures are not yet determined, these two structures 
seems to be intermediate phases between Zn and 
ZnO, the one being zinc crystal with small excess 
of oxygen atoms and the other ZnO crystals with 
small lack of oxygen atoms. In these cases the 
pseudomorphism reported by Finch was not observ- 
ed. These intermediate phases and pseudomorph- 
ism of Finch were however not observed in similar 
heating process of zinc films prepared by evapora- 
tion method. : 
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A Method for Determining the 
Concentration Dependence 
of Diffusion Coefficient 


By Hiroshi FUJITA and Akira KISHIMOTO 


Department of Fisheries University 
of Kyoto. 
(Received August 3, 1951) 


1. Recently, with reference to the material dif- 
fusion in high polymeric substances an attention has 
been concentrated on the calculation of the de- 
pendence of diffusion coefficient on the concentra- 
tion of diffusing material from experimental sorption 
data. Thus, Crank and his. asscciates (2) have de- 
veloped a certain kind of the method of successive 
approximations, and also Prager (4) has used a 
method of approximating the actual concentration 
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dependence by a step function. These methods are 
rather. involved in practical applications and, there- 
fore, it might not be of no’ use to present herein a 
different-and somewhat simpler procedure for deal- 
ing with this matter. 

2. As has ‘been shown in Prager’s paper cited, 
for a film of area A normal to the direction of dif- 
fusion, the sorbed mass in the film, Q, may be ex- 
pressed by the equation: 


(2.1) Q=2AA/ t K(Cy) 


when the time ¢ is small enough and if the resistance 
to material transfer at the film surface where the 
film is contracted with the solution of concentration 
Cy; may be neglected. Here, A(C;) is to be deter- 
mined if the form of the diffusion coefficient D(c) is 
actually given. 

Some time ago, one of us (H.F.) (3) has given 
an approximate method of solving one-dimensional 
diffusion equation involving diffusion coefficient with 
an arbitrary concentration dependence .basing on 
Yamada’s new idea (5) for dealing approximately 
with the laminar boundary layer equation. Accord- 
ing to this method the form K(C;) may be express- 
ed approximately by : 


K(C)=VDOG |< 


Aad |, 
where « denotes 


23 wale 

(2.3) = HOG D(c)de, 

and § is a larger posive root of the quadratic equa- 
tion: 


DCy) {= D(Cy) ee 
(2.4) 24a “D0 * 1082144 3 9 


The accuracy of Eq. (2.2) is chiefly dependent on the 
form of D(c). A detailed discussion on this point 
will, however, be made in our future work. 

The actual form of K(C;) is obtainable experi- 
mentally, and our problem is to calculate D(c) from 
this experimental information by making use of the 
formulae described in the above. 


vine 26 


: GH 2 Gr 


while from Eqs. (2.3) and (2.4) we see that «30, 
$—1/12 as Cy—0. Thus, the value of D(0) may be 
obtained from the relation: 


(2.5) /D@=lim ree 5 
C}> 


(2.6) 


tet C 
D(10)= | + g5- lim mC) \ 


Next, we assume for D(c) a polynomical repre- 
sentatational represental representation as: 


(2.7) D(c)=D(0) (1h CHRP pee eeseseeee ). 


Unknown coefficients, kj, ks, ...... » may be deter- 


haceed points of C matter Sear taigs Ea. S 7) i into 
em. The number of points must be taken equal 
0 that of unknown coefficients to be determined. 

- Practically, it is also’ of considerable Significance 
to approximate the actual from of D(c) by an (eX: 
ponential representation as: 


(2.8) _D(=D(0) exp (2c), 


with one parameter 2. This form of concentration 
A dependence of. the diffusion coefficient has recently 
been illustrated’ by Boyer (1) on the: polystylene- 


chloroform system. Further evidence will also be, 


found directly form Prager’ s result on the isobutane- 

z -polyisobutylene system. 

3. ,To check our method described we shall 

| then aopiy it to Prager’s system by assuming the 
exponential concentration dependence on diffusion 

Poseicient as indicated in Eq. (2. 8). 

First, the value of D(0) is obtained as: D(0) 

_=1.50 .10-° cm?*/sec. Next, we determine the value 

“of % in such a way that A(Cys) given by Eq. (2.2) 

coincides exactly with the corresponding experimental 


t value at C;=0. 0182 gr/cc. We have then }=44.9 cc/gr. - 


On substituting these values of D(0) and i into Eq. 
(2.8) gives the result indicated in the second column 
-in-an accompanying table. In the third column in 
; this table is shown the corresponding result comput- 
_ed by Prager. 


good in general. Finally, using D(0) and > obtained 


Qo* jo , x 1U6** x 106 

G; (gr/ cc) Pate Dah ’s) eaieen fateeeeal 
0.0000 1.50 18 DieDOOe at 0.00 
0.0091 ° 2.25 23 0.46 0.45 
0.0182 3.40 3.4 1.05 1.05 
£00273.) BAO 51 1.81 1.79 
0.0364 Sule, vA . 2.74 2.73 
“115 103 3.99 3.93 


- 0.0455 


*unit : ae “unit: gr/cm? sec’. 


above we recalculate the value of K(Cy) from Eq. 
(2.2) and subsequent formulae and compare it with 
the corresponding experimental ‘one obtained by 
Prager. This comparison is made in the fourth 
and fith columns in the above table. It will be 
‘seen that our. calculation well reproduces the: ob- 
served value on the isobutane-polyisobutylene system. 

The similar analysis basing on the polynomical 
approximation | to D(c) will be Sg hard elsewhere in 
the future. 4 : 


beth 5 bies - Beferences’s % % 

di “Boyer, R. E., Jour. Polymer Sci. » 5, (1950) 139. 

2. Crank,.J. and his associates, Trans. Earaday Soc. 2 
45, (1949) 240, 636, 1119. 


Agreement between these two is fairly . 


, (1951) 31; "Bull, ety Soa: Sci. Fish, in the press. 
4, Prager, S., Jour. Chem. Phys., 19, (1951) 537. 
5. Yamada, H., Rep. Res. Inst. Fluid Eng., 3 
(1947) 29. : 
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On the Form of Pole Pieces used in N 
Spiral Orbit Spectrometer. 


By Mitsuo SAKAI and Yozo NOGAMI. 


a form of magnet pole pieces which have 
advantages for a page separator. : 


cone CDE, which has its apex at the center apt 
median ieee s and is so situated that the line 


be easily calculated as follows: 
Taking oc=7% and oa= A, 


O<rery: Amt. [” Hyrdrn the 


ye 1” Finite [e ( fo.) va 


eee Patt Fifo(y- r= Hite sak 
Y t 


<S: 


cost for construction can be ut ¢ 
siderably. ES Boyt 5 
2) As, the pair of pole pieces ‘which pt 8 ap: % 
proximate form of an uniform stress disc, 
serve for end plates, we need not worry about 
the deformation of pole piece arrangement due 
to atmospheric pressure and magnetic force 
which becomes a problem ina large apparatus. 
3) By using this type of pole pieces, we can get 
an excellent magnetic field very easily. 


ror, changing the gap between two poles. ‘The 
value of tie gap was a little larger than that 


“4 \ 
Fi & 4 

ge on accelerating potential. In this model of, ; 

20 scale, the gap was too narrow without proper Reference. ‘ 

fi or focusing, the effect of scattering became (1) M. Sakai: J. Pays. Soc. Japan 5 (1950) 184, 

lar e, but this drawback will disappear in a~ : = . 

pears is. 
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-A Note on the Hole Theory of Liquid. 


By Tsugihiko SATO and sya’ Ono. é a 


Faculty of Engineering, Kyushu University, Pukwoka. ; 
(Received August 13, 1951) We SNE 
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The authors’ previous paper on the hole theory 
of liquid contains numerical error which has been — 
pointed out by Rowlinson“? - This error necessitates +A 
certain reversions of the results, The values of the A 
ratio of the volume of the cell to the general ized 
free volume, t/w, in reference 1 should be multi lied — 
a oe 5; the corrected values are given in Table - 
, Bes! Am | 4 ; hey seem t a 

_. The characteristic points of this type of spectro. and Geta ae prea mae are 
meter chamber can be summarized as follows: calculation of the critical temperatures, To, We ; 
Costly non-magnetic alloys are necessary only kTe/po=0.8, bo being the constant in the niece 
for the cylindrical part of erataber and as potential given by (= dol (79/7)? — —2.(r/n)8}. 


(0. 750 0. 300 0.934 ot ae de 200. 1,267 1.333 
pigican 119.0 102.5. 87. 48 77.97 73.77. 70.01 


Thus the calculated values of To would be in 
rather poor agreement with expreiment, _as far as 
we ignore the interaction between the molecules 
which are not nearest neighbors. It is, however, 
well known that such interaction increases the 
attractive terms by about 20%. To take into account 
_ the correction for the above-mentioned effect we shall 
assume that « in Eq. (20) of reference 1 is given by 
€ (a)=¢,(1.011 (7/2) -—2.409 (r%)/a)}, which gives ¢/p)= 
1.216 at a/rp=1.05, while Eq. (12) of reference 1 gives 
| -&[o=0. 925. The numbers 1.011 and 2.409 were 
obtained from Lennard-Jones and Ingham.“ This 
assumption may be approximately correct, because 
_ this model becomes identical with Lennard-Jones and 
- Devonshire’ $s model if there exist no holes. Then we 
obtain KT, o/Po=l. 10 from Eq. (20) of reference 1 and 
_ the result tabulated in Table I. If the values of ¢/k 
"determined by Hirschfelder, Bird and Spotz) are 
employed, the critical. temperatures shown in Table 
II are obtained. es 


Table II 
si z pk aT. (cal. , Sis Te (exp. aN OK 
t/ Ne 635.7.» 39 AA olf 
A MIZE a. SB 151. 
a Ae aa 101 126 
age 
s Te 


0g 


08 


- Ex perimental 


Calculat ed 


ies Ke 


a8 


the ions, corresponding to the phases of the r. 


-celerated by this maximum voltoge can travel the : 


ie 
oo 
: 


The variation of xz, the concentration of holes. 
in liquid phase, with temperature, which is calculated. 
by using Eqs. (21) and (22) of reference 1; is shown - 
in Fig. 1. (aE! 

The authors should Hee to express their thanks EK 
to Dr. J. S. Rowlinson for his valuable remark on ie 
the authors’ previous paper. 
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Tantope Separation by Radiofrequeney 4 
Electric Field. aah. 


By Nobuhiko YAMAMURO. 

Tokyo Institute of Technology. 
‘"~- Oh-okayama, Tokyo. 
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frequency electric field and some idea which belo: 
to this field was also proposed by E. Takeda at 


This note reports a trial following the 
principle: Isotopic ions from the ion source ; 
accelerated uniformly by the d.c. electric field z 
enter the narrow space. where the radiofrequ nC} 
field is applied. In-this space various forces act or 


frequency field. Let the initial accelerating dic 
volutage and the peak value of the radiofrequ 
field be Vi and Vo respectively, then els vo 

applied to ions is ; 


Ve=VitVo sin 8. 
Therefore the maximum value of this voltage, which 


corresponds to t= is V=Vit-Vp. The ions ‘ace 


next long equipotential space of the length $ during 
the time ¢, which i is given by iF, 


- i ae 

Ss ie ee 
t=—=S Z ‘ 
j a 2eV ye a 


with v the velocity of the ions and M the mass of — 24 


, ‘them. In order to most accelerate ot once mores ttiese" 
f ions at the end of the equipotential space by the 


f ~ an 
5 A % r : } 
SSS pay ~ - . : “a 
oF ns 
=. ~! Y Pm." cm ‘ 


R. Pe “2 
Oscillator 


Vo), and can go through the space where the 
potential Vz=Vit2kVo (RE 1)i is.applied.. So 
ns only can be collected on the collector. By 


ms PN 
Nevmm' Ao. 
5 Es 3 ae 
SSS aera 
he ny 
3 - COB 


— eee 
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vat. a4 
DB SSSSESS SESS So) > 


“shall think the separation of the binary 
soto topi mixture of mass M; and M3, The transit 


‘or each i ion to pass through the | ‘Sauipotential 


, 


i Ong mM, h=S 5 Sap pl. total acceleration voltage V of ew 500volts. Kg as 
a QeV’ 2eV Fig. 2 shows‘the mass spectrum obtained - under 
the following condition: f=4.14Mc, Vo= ) 
y, and their difference pene ‘Vr=390volts (k=0.975), and S=20cm. The absc 
shows the initial acceleration voltage Me and. 
ordinate shows the ion current (i f 
The peak of mass 6 correspond: 
_ mass 7 to n=6, other peaks fallii 
Fig. 3 gives the other exam | 
obtained under the different co: ondi 
and V-=830volts (k= 0.825). In thi 
current of mass 7 wee ae to 
since one of the i ions receive ae maximum | Rig : 
y at the end of the equipotential space, while Rei 
hers lose it. The ratio of the best frequency - x10" 
es e fundamental one fy is ‘given, by. . Wraae 


De Ay MM 
~~ /M, My 5 VMs" M=— i 2 : (3) 


} ohn figure of the apparatus constructed 
shown in Fig. 1. It has the dimension of 30cm — 

Ie ength and Scm in outer diameter, F is the fila- 
heating the LisO surface. The ions are ac- 

rated ‘by dic. field between A; and A,. By and 

» are connected to the earth and C is connected to 
th the adiofrequency oscillator. D is the retarding 

‘lectrode and E is the collector, 


eth akg 


Ang of other light isotopes. The ion current 
obtained was only the order of 10-8 amperes, but if 


we consider the small size and the low cost of this — 


A 


: apparatus, this will not be disappointment. There 
‘will be also some possibility to extend this Pepople 
i for the mele mass spectrometer. 


By” ieee References. Bite 
@ Ww. Bennett : J. App. Phys, 21 (1950) 143. 
(2) An FP, Henson: J. App. Phys. 21 ee 1063. 

8). B. D. Ae report (Isotron), 
hie Nl 
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ne A Aer, Method of. ‘Trapping Oil Vapour. 


By C. HAYASHI, =) 
Department of ‘Physics, Tokyo University, Toby 
Received August 20, 1951) 


Be “ig 
A methied of fa ppine oil vapour backdiffusing 

from an oil diffusion pump is proposed with some 
' results of preliminary experiment. 


vapour oil is used. The backdiffusing oil first con- 


_denses" on the surface, and then reevaporates from 5 


the surface corresponding to the vapour pressure 
which | should obey Raoult’s theorem, of the mixed 
-Tiquid surface. The trap using this principle is 
simple and economical compared with that of cold 
surface, and will have some practical importance, 
? t “The: results were published briefly at the meeting 
of the Physical Soclety of Japan held last autumn 


with the priority declaration of patent but the author 


wishes to abolish the declaration. 

ieaie apparatus used for simple preliminary experi- 
phen is shown in ie of -and. the results seated 
are shown, in ave IL 


‘y The present method will be used for the separa- 


-'1.0x10-'mmHg_ by ‘the trap. This see 
“consistent with the view that the ultimate. 
Instead of | ‘using 
“customary cold surface, the surface wet with a low — 


- suitable for pump oil because of the fear of. ther 


} 


Mn 
RN 


ae ele 


MAAR 
SEER 


a ee 
SAAN 

i 
ee eee 


Fig. L 


sa ee three stage vertical type meta 
ih _ fractiona ion pump. ne ie 
-. V: magnetically get ae greasel SB 17 
valve. wD 
G: hot cathode iGhization gauge. 
O% the vessel filled with rapping oi. 
Ve @able Beith 
; Pp Trap Ultimate vacuum with | 
GP ate, without the Saaein 
cb ae oil in O. 
oil oil |: eat 
= bah oe Seis Meee with be 
} Naphtha- | A* |.8x10-7 mmHg /1.0 
lene Hit oe el 
- Alkyl a ay Sern it 
Naphtha- | A* | 4x10-°mmHg| 4 aise 
lene 


* Specially prepared by Mr. B. Miva, K 
Co,, td ea ain . see 
In the similar test using two stage” n 
nation metal pump and Alkyl Naphthalen be 
trap and pump, the value of the. ultimate 
was observe to be reduced from 1.5% 10-5mi 


of a oil difiusion ‘pump is limited by : 
components in the pump oil, which exist i 
in the oil or produced by dissociation du 
tion of the pump. f 

_ For the practical purpoce, of course, the tra 


ve trapping. But the temperature necessary 
purifying process will perhaps. be low, and t 
whose vapour pressure is extremely low bu 


dscomposition, will be allowed to be used. 

The results obtained seem to deviate too m 
from Raoult’s theorem. But the theorem is not 
proved to hold in such a high vacuum region.* tne 


i 
iro He A ssveam eng Rey. Sci. Instrum. 22 (1951) 141, ” 


say 


all, the phenomena includes many other — 


eaene factors such as the condensation coefficient 


- " Dehydrating Agent in High 
~Vacuum Technique. 


' By C. HAYASHI. 
ay tmeut of Physics, Tokyo Teaerag Tokyo. 
Sia ae August 26, 1951) 


evacuated in the region of the vacuum of 
to pig Reeves we do not deal 


ah? 
‘ogee vapour wit save the time necessary for 


ae trap. But the. use of the trap is often i66 

ne to put in practice. Here, the use of 
ee pentoxide is recommended according 
the e following results, which prove the usefulness 


P osphorous pentoxide. Precautions must, of 


qui 


er 


‘ Me paid for the chemical activities of phos- — 


. The equilibrium pressure of ape EAee 

in a high vacuum system was .estimated 
-ommHg, according to the following three 
obtained Py. useing the apparatus shown in 


hot cathode. ionization gauge / 


we Gi: and G2: 
oc: magnetically Operated greaseless valve 


a) The ultimate vacuum measured with ee 
i Wi hout phosphorous pentoxids in the vessel A were | 
4 Poth fel0r omg. at 10°C, 


vapours, the use of proper method of taking up . 


“@ There beng N no press 
A containing phosphrous pentoxide after 
‘of isolation from pumping. The isolation was ac: 
complished by closing the valve C after the ultimate 
vacuum was reached, 

{3) When the gauge G; showed the ae of the 
_pressure about 5 « 1U-*mmHg the valve C was s closed 
and the gauge was switched off. CE \ ee 

_ It was observed that the pressure in the vessel 
A decreased to about 1x10- *omlig after three ; 
hours of the isolation. » 

‘In the procedures of (2) vid (3), the ‘preaagha 
rise in the vessel A was measured by the kick given | 
to the gauge Gs, at the moment the valve C was 
opened. If the gauge G; was kept switched on. 
during the isolation, its reading increased to 4x 10-5 
mmHg after eighty minutes without showing any 

saturation to be expected, probably due to degassing 
and: decomposition of residual gases or vapours in 
the gauge. The conductance T was about 70cm*/sec, 
considerably smaller than the value (300cm*) of the 
vessel A, and any appreciable’ pressure change in A 
should have given some kick on the gauge Go. ; 

The equilibrium pressure’ increased to 2x10-5 
mmHg at 53°C of the surrounding temperature of 
the vessel A. Ae 

Thse value of the ‘equilitdam: “pressure are 


considerably lower than the values quoted in the 


literatures. 
_ The velocity. of a hisor tae water vapour was 


; measured by using the apparatus shown in Figure 2. 


water 
Vapour 


G: hot cathode iontzation. gauge 
N; needle valve 


From the ‘values. of the ‘flow! rate Q and 


; which gave the same pressure Pin the bell. 


and without the exposure of the known 
phosphorous pentoxide respectively, the | 


velocity per unit area at the pressure Pwas dedu 


from the following equation, — Seat eRe vhs 
on ‘Di-O, i . 
asa 7 
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‘The Ion Source of Electron Oscillation 
Type. nee 


Ree inea. piihe-sirtatey 42 soe mes é: 
a Poa e: ANS : B ; UKA D < 
Covered witht considerable thickness _ pS eg a 


a 


of liquid film — as: A00eni®, sec Pre . Tokyo Unversity of Education. 
Wet but not covered with any ya (Received September 14, 1951) 


_ appreciable film Ca \ - 700cm3/sec 


» The sorption velocity was observed to be nearly seems to be suitable for the isotope separator cle cao. 
onstant - in the region, ia ed to. 2x 10-° utilizes the ions from all directions between Qn 
mig. 5 radians, e.g. ie spiral orbit spectrometer®). | An ion 
The velocity at the pressure of 2x 10- ‘mmHg 
was independent to the surrounding temperature up 
about 50°C. 
These values of the Garston velocity correspond 
to. six to three percent of the ideal sorption, and to 
about one to one third of the sorption velocity of a 
diffusion - ‘pump_ with its connecting pipes. The Ho 
coefficient of diffusion pump usually increases with Ue 
increase in pump size, and the use of phosphorous. — 
pentoxide becomes less © efficient with increase in sue 
pump size. ito vig tees, exit SS, ; 
- But it should be noted that the space Ey oiuied . 
BS the use of phosphorous pentoxide is rather facial Pe : 
opposed to the volumetric in the case of asleg ae ’ Ez Bee 
diffusion | pump. ie : : 
An evacuation chart with the. exposure of phos- _ 
phorous pentoxide is shown ‘in Figure 3 compared 
ith the curve (upper one) obtained without the use q 
of ae roe ons Ce oak ; o 


be 


e 
. 
“° 
« 
° 
‘ 
. 
« 
is 
. 
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Pressure in mmHp 
H 


x ! : 
Bag 
ee Fig. : 
105 = =I Gee Electrode Working Ve. 
4 se gigethin: oe ‘Aun cathode: ot OE VC ae 
: : Thies A: anode 4O~60v 
SCE SARS a B: baffle y Ov 
1g OR RO Gi: Ist grid. Oy eae 
sag Pi Go: 2nd grid 0~-800v 
vor. ; se ; C: collector . 0~-800 v @ 
. wh F: Faraday cage © 100~ — 00 Vv 
a i ee a Rises ae Tee The construction was axial- Syauindtrieal as shown Se 
nee cp pees ¥ a ee, Fy ? F in Fig. 1. The Ist grid Gy, the 2nd grid G, and the - 
og IS RTA cok k we collector C of cylinder type was set coaxially. On ae 
i ie ; irae Da Ro Ges the symmetry axis, the ring anode A was mounted 
Bast geal 3 RAE between the cathode K and the baffle B which were 


both at zero voltage. K was oxide coated one and Y 


_ then the energy opteaa of the ions aoe narro 
I wish to express my sincere thanks to 
Sagane of Tokyo University and Prof. Kojima for 
e voltage V4 such as 40~70y i in the hig dvonen their’ cordial and ra Apap Yee 


hf ‘ ‘ " , y e 
4 ntense discharge could be sustained. In this 
References. 


(1) Finkelstein: Rev. Sci. Inst. 11 (1940), o4, 
(2) Miyamoto: Proc. Phys.-Math. Soc. Jap. 24 as. 2, 
676. \ a Ad IO a 
Then the ions 
Hed out from the plasma by Gz and reached 
negative voltage. This uacrs was : 
e hydrogen gas, Dea Uae 
hows the typical curves for the dbligctoe : Errata. 
Ig and the 2nd ‘grid current Jax vs. Veo. 
he ‘anode. ‘current I4 was less than 250mA, 
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On the Theory of Reerystallization a 
of Cold-Worked Metals. Ae 


"By Ryukiti ‘HASIGUTI. shee 'y 


(J. Phys. Soc, Japan, 4 (1949), 358) 
. r: (J. Phys. Soc. Bre 5 Wigey a he 
Vol. P. Col. Line. a7 a ch oN : Pat te 
- 4358 right 28 320A. at 400°K. 36004 at 400°C 
14 right 5 ; , 
15 left. 17. 
15 left 20 
15 right 24> 
16 right | 1 
6 right | 
16 right 
16 right 
16 right ¢ 4A. at 283°K. 
agit 8 fe) 16 right 41 320A at 400°K. 
~-400 \ J 4 < C ) rh << %, 
ny WOE GR ee is Ho rumagit Tables for the Phase and” 
Gee Ae Te ear Res Intensity Measurements of Le 


j i = 120 mA, V4=55y, ‘ By oe ue 
, Ha H=560 gauss, Vo=400v; Ce eae ae pas Film als See! 


pedis tale mmHg ” i eek ryeg By K. ISHIGURO. 
he (Vol. 6. No. 1 ideas 9 
Wait. 
100 3.64 


WOO." F218 BS 


a 120mA and ih about 20mA, stay! fon’); 35° te . wie 


was about 10mA, and the energy spread is _ ; > Lal 
Ov. However, this analysis Was not accurate ~ : 1.82 ‘ 
of the magnetic field and the secondary — 2.23 |. 
on emission from C. eu i141 
ost of these results were little affected by the rf 182 
mension of each parts. 2:23 
_ When this ion source is set to work in thie isotope por 
parator, the problem of vacuum will be important, 
the condensible vapour is used, this may be 
solved. Heavy atoms seem to be unfavourable 
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‘The Vibrational Properties of Wood. Il. 


By Eiichi FUKADA. 
Kobayashi Institute of Physical Research, Kokubunji, Tokyo. 
(Received October 20, 1950) 


When the moisture content is reduced from the |air-dried state, the 
internal friction of wood increases and the peak in tan d-frequency curve 
shifts to the lower frequency. The Young’s modulus and tan 6. decreases and 
peak of tan 6 shifts to the higher frequency with the increase of temperature 


_at the absolutely dried state. 
to be about 1000 cal/mol. 


The experimental activation energy was found. 
It is larger for the broad-leaved tree. than 


for the needle-leef tree. The frequency character of tané can be explained 
by superposing both Eyring’s and Newton’s viscosity. : 


§1. Introduction. 

In the previous report? it has been shown 
that the frequency character of the logarithmic 
decrement of wood is specified to A type for 
the needle-leef trees, B and B’ type for the 
broad-leaved trees.’ The decrement of A type 
“increases gradually with frequency but the 
decrement of B type shows the maximum in 
the audiofrequency range in the air-dried state. 
In this report there will be shown the change 
of this behaviour due to the decrease of 
‘moisture content by drying as well as the 
‘temperature effect in the dried state. 
"measureof internal friction, henceforward, we 
shall take tand rather than the logarithmic 


‘decrement 4, where 0 is the delayed phase angle . 


‘between the stress and the strain, in view of 
‘the theoretical considerations. The relation 
between these two quantities are as follows, . 

} , tan d= af 7 (@3) 


82. Variation due to the Moisture Content. 
Fig. 1 shows the measuring results of 


tanéd for Bishihinoki, one of the needle-leaf 


_ trees which belong to A type, in the thorough- 
ly dried state (mark A) compared with the 
air-dried state (mark ©). 
the same with that used in Fig. 6 and Fig. 7 
of the previous paper®. The figures of per- 
centage show the moisture content in weight 
and the notation // or -L meahs that the axis 

of fiber is parallel or perpendicular to the 


direction of the length of the specimen. In _ 


both cases. tan 6 increases with drying and the 
maximum peak appears like the B type. This 
‘behaviour is the same in many\ other needle- 
Jeaf trees. As stated in the remark of the 
pievous owe the spredielect trees show also 


“game measuring results. 


As a the hysteresis of the absorption of moisture or 


This specimen is 


the peak in the frequency above 5000 c.p.s. in 
the air-dried state. Therefore the drying shifts 


the peak to the lower frequency and increases © 
the absolute values of tand. The mark @ in . 


Fig. 1 shows the measuring results after being 


left in the atmosphere untill the moisture con- — 


tent becomes nearly the same with the original 


case. The measured value approaches to the : 
The same — 
moisture content and the same temperature of 


original one but is not the same. 


measurement do not necessarily. reproduce the 


This may. be due fo 


some permanent change in the structure by i Y 5 
drying. Generally the properties of wood are — as 


very sensitive to the moisture and temperature aos. 


so that it was so difficult to reproduce the 
ree OS 
same results at will under the various condi- iy 


tions. 
tan § j 
0,05 Bree 
004Ff * 
0,03 3.3%, 
12.2% \ 
Boz eo "* AS %, 
ae Og ee oes ge Rae 
i 
9.0To - e: 
0,00 pat 
1g@ 500 1000 c.p.s. 5000 
Fig. 1. Variation of tand for Bishthinoki 


(needle-leaf tree) due to the moisture content. 
2 ‘shows the moisture content, // or L 
represents that the axis of fibers is parallel’ 
or perpendicular to the direction of the length 

of the specimen respectively. 


417 


ha | 


Fig. 2 shows the Be of tand for Tabu, 
one ‘of the broad-leaved trees. The peak shifts 
_ to the lower frequency by drying. Young’s 
wi : modulus E hardly changes with the moisture 
By content if we make the correction for the ex- 


lilus ‘obtained by measuring the static de- 
on under the oe load. a ee behavi- 


I a of tand increases and the absolute 
ralue of tand decreases. When the moisture 

nte t exceeds the so-called fiber saturation 
no increases aga as reported by. the 


{500 1000 c. P- ee ; 


Fig. 3s ‘Temperature depetsioces of Band tand 


. For Tabu at. is pea dried state. a “i 
e é wh ™~A 


aiden * "When this canrectianl fe é 
Young’ s modulus is nearly constant 
- increases in the whole measurable : 
as shown in Fig. 2 and Fig. 3 Weel 
_ Now tand of. wood is a divided! into 4 


500 1000 ¢ p.s. 5000 
Variation of tan d for Tabu (broad-leaved 
tree) due to the moisture content. 7 shows 


*s is the moisture content. 
"ah ty 


Variation due to the Toad oe neieee 


Ss nee the moisture in wood evaporates as 
ted above room. _temperature we could con 


ne r the constant moisture content. So we ge 110°C. ~The results are st 
ve “beat the temperature dependence of. and Fig. 5. 


Ae absolutely dried state, ‘where the ab- 
ht utely ord. state means the state dried for 


tio al Properties of Wood. I. v 


fferent above and Below ed Phe aeration: energy is larger for the broad- leaved : 

: the data at cooling and the mark ® tree than for the needle-leaf tree in accord with — 
‘the experimental results that the peak frequency — 
is lower for the former at the air dried state. 


The activation energy of basic part of tan é 
is obtained from the data in Fig.5. When we 
define the complex ‘Young’ s modulus Ek= E+ 
twn as usual, the viscosity coefficient is 
calculated from the following relation, 


ea 9-E tan 0/2nf @ 


Fig, 6 shows Logie plotted against ea: From 
this linear relation we put ae 


Pea tis Sparse for Tabu and B= 650 cal/mol. for Kuroezc 
i Fe. 4. - Young’s modulus vs. Ue cenit for “matsu. | The activation energy, of basic, D 
fy ‘Tabu at about 230 c.p.s. of tan'’d is nearly the Same. with that oe 
ght eeemege caer as peak part of tan od. - Therefore the both pa 
BORO a atat AR Ae ie: will be caused by the sameé. kind of “the d 

esa biopaeg es teih sot sipative mechanism. is wee 


| uel, = o EXP CBURT Yh oy - hoe 
i 5,1 WA a = 
pry where 7 is a constant and B the activation x 
| ES RORTIOIY ante Oe TC Te 100 °C energy. It-was found to be B=1300 cal/mol : 
bie By 


Baissea na se ya SON) Mig ONCE. 


ue ‘ig. 5. Piieenal friction vs. Moma era tut’ for Py 
qi _ Tabu at f about 230 C.D.8. ; 


et, nie 
34. “Activation, Energy. ee 


Me 25 B08 35h fb O OT Mok 


cube: peak frequency in. tand vs. Feds! Cees Gi losin) wet d/ Por Tab ab 
“curve shifts to high frequency as the moisture | about 230'e.p.s. | 
“content | or measuring temperature increases. It — 
is . supposed that this may be due to some relaxa- 
tion phenomena in the structure of wood. If 
we. plot the reciprocal of frequency ait 
maximum against the reciprocal of the absolute ~ i 
‘temperature UAT), we can, obtain a straight line, | the det anon energies A and Bare considered 
so th Be following relation is valid. _ to diminish with the increase of moisture con- 
; .. tent. The water seems to. ‘play the roll of 
3} anf iva 2 exp (Ay RT) re plasticizer in the viscosity of wood. The : 
beget i the relaxation time, t> a Pesan experiment varying the moisture content is so 
R the gas constant and A the activation energy. difficult that: the reliable relation between. the bas 
vas. fou dt to. be A= 1200 ae ie for Tabu activation energy and the moisture content has 
not yet been obtained. ic 


i a 5. Teaqueiies? Dependence o of ‘the Internal. 
_ Friction. 

. Previously the aitior fds) reported” ne the» 
i frequency. dependence of the internal friction 
polymethylmetacrylate can be derived. from 


onstants in the creep experiment. The 


nected Pecan eek, a dashpot and l 
spring, whose Young’ s modulus. is Ge ar 
get the wellknown dispersion formula... T 
‘the total change of - Young’ s- oteatea’ 4 
expressed by G2/G: and the. relaxation- time 
t=7/G, and (tan 8) max ~4e/2. ; Exp rimen 
; : ~~ ly we find no’ appreciable value of} Ag in thi 2 
¥ Aoyial k logit FR Ee (5) frequencies and (tan Oaiee! is of ‘the order of 
Tegra «ae Rela itera. A 0.01 or less. Gi may be the actually measured 
€; is the strain at one second after one, about 10 If we assume G; to be. in the. 
order of 10°, then de is less than ; a few 


and ‘Cte 3)nuas is fit to the heentioea 
For instance we take G.=2x 10°, ‘then A 
s and (tand)mx=0.01. + is determin 
same manner as voteathel nib acetals! _ the frequency at maximum of tan, 
ve (1) of Fig. 7, Cis estimated to be the relation +=1/2zf. If we take 6 
from the Minami is data at “small stress ¢.pis.,°7=0. 8x 10-4 is obtained. PN 
; 6 is taken ‘as 107 */2n. The ¥ oung’s. Curve (2) | in Fig. 7 is calculated by 
n iodult calculated from. these values shows Gz TOA Gz=2 10° and V2nc= =2000. _ 
ardly any change with frequency, which is in superposed curve 2 (+2). represents w 
‘dy ith the experimental results. Peele i 


Nas 


‘ : oe eh oS ; fa. PM J gs 
0.015 : 


NL SPARE: oe ee 
3,6 jet ; C= 0.006 # te WET Se 
Sac gt Rete ae mee 
af hats Por Bate awee aren 


Me ek 5B te 2.6 x 107 
(1/22T= = 3000 


fone = 1000 
G,= = 0.94x10" 
—G2= 0. a5 x10) 2 
(1/aRt = 2000 Winget: 


ae Big. 8 - Comparison aacae: 
sa Diisear so) Mic 


Epes 


due 1 to the Newton’ s Ayiacoeits is “superposed 


order o 10°: ‘so hat! the tales height of 
pa becomes consistent with the observed 
Various types of tané vs. “frequency - 
curve ae B and B’ as reported in part I can be 
represented. by choosing the suitable G.. The 
examples are shown in Fig. 8 for Kuroezo- 
matsu and Harunire. The solid line is the 
calculated curve using the constants written in. 
; the figure. The mark O is the experimental 
eat: es 


§6._ eGhexistencs of. Eyring’ s and Newton’ s 
_ Viscosity. 


4 We can explain the frequency dehendenice 
of internal friction by. considering both Eyring’s 
_and Newton’s viscosity. The former’ arises at 
“Jarge stress and the latter at small stress. 
“Therefore the large and small stresses are 
acting at the same time in the specimen. 
‘Perhaps this may be dué to’ the magnification 
2 and reduction of inner stress by the many cracks 
or air gaps in the structure, of wood. 97. The 
: distribution of stress in the specimen is also 
caused by the lateral vibration itself. The 
“maximum. magnitude of stress used in the, 
ordinary measurement was estimated about 0. 5 

~5 kg/cm? at the vicinity of the loop of lateral 
i vibration. The magnification ratio of stress due 
to the presence of the narrow crack would be 
sof the order of 10°. 
“stress would reach to the experimental range: 
of stress used in the tensile creep by Minami. 
| _ When we consider the peak of tan is caused 
i by the Eyring’ ’s viscosity at small stress, we can 
express the frequency at maximum of tand as 


ae © 


eh ae AH/RT 


oye ee Fn mS Onh 
where AS is the entropy of Rrration and 4H 
as the heat of activation. 


Bes D 


-cal/mol, 4S=—38cal/mol. deg. for ae alee 


gratitude to Dr. Heiji Kawai for. his helpful | 


Therefore the actual inner . 


‘Univ. No. 174, fae 23. Gin Japanesé) 


By plotting log Fin/T. AZ21-(1921), 163. 


against 1/T we could obtain 4H =490 cal mol a: 
AS =—39 cal/mol. deg. for Tabu and JH=220 ~ 


matsu. ; 
Our consideration explains well the Feacnaaee is ce 
dependence of internal friction and the a uf 
temperature dependence ofthe frequency at - Ms 
maximum of tand, but it fails to elucidate the 
decrease of the absolute value of tané with the, — 
increase of temperature. Further, in the : 
experiment of creep B.o2 is nearly constant, — 
so that we can not equate sinh Bzo,=B.0, when» 
we approach to the case of small stress. The — 
constants A; and B; at large stress depend on 
the magnitude of stress and are different from 
the constants As and Bz. at very small stress, , 
which relate to the Newton’s viscosity. eget 
The author wishes to express his sincerest ‘ 


guidance and discussions throughout this work. 
This research is indebted to the grant in, aid: 
for the Ministry of Education. Saat oe 
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Cuprous sulfide has been observed to have two transition points at about. = 
110°C ahd 470°C respectively, of which the latter one has. been found out. e fe a 
‘experimentally by the writer. The exsistence of the phase transition at. 

470°C has been confirmed experimentally by the ‘measurements of electro--  - 
nic and. ionic conductivity, thermal linear expansion, heat capacity, speci-- 

- fic heat and thermé-electromotive force. We, therefore,’ propose that cup- 
rous sulfide has three polymorphic phases, namely a-phase (above 470°C), Bae 
phase (470°0~110°0) and t-phase (below 110°C). ‘In the 7-phase, it be= 
hayes as a P-type semiconductor - (sulphur excess), and its electrical con--. : 
ductivity increases exponentially with temperature. In the ‘B-phase, we ‘Lian’ 
have observed the rather remarkable ionic currents together with the sharp- ea 
decrease of electronic currents. On proceeding to the a-phase, the ionic: 

currents abruptly disappear and electronic currents increase | to the larger’ 

amount than that in the -phase. The transition enery at 110°C has been: 
age observed to be more than ten times (about 4 4. : bg larger then that . 
“ \stat. 470°O, Sica TIE eid Mia eg) Te j ae 
BAN By the b-phase, the anomalous. thermo-electromomotive bina has ae 
- sometimes observed,’ which may be considered to be caused by the hetero- E 
; geneots distribution of io Faovante Copper ions. 2, hy ae ee 5 f 
copper iar: and ssalphur by ee! 
ina vacuum Pyrex A hing 


62. note Conductivity. Pee 
i “According toc, Tubandt cist ies 
ly ‘the ia ndentibetiets of the 
properties of cuprous sulfides, and 
yut its several characteristic Properties 
tins far. a the: cuprous 


at 470°C, ogee has naan! epablighed 
exist by | our experimental observations of 

e various kinds of physical properties, We, 
eae shall propose for these three poly- 
t aka phases to be named a-phase (above 
uf Oe) (-phase Baars and r-phase 


om. te pearue: to about 600°C by the 
11 method as C. Tubandt’s. 
; he schematic diagram of os apparatus is 
shown in Fig. 1. 3 ‘ 
Two specimens with the same dimension are 
situated between a copper anode and a platinum 
cathode, the whole set of which is put into an 
electric furnacc in oder to keep the specimens 
at any desired _temperatures.- The — total 
| currents (of electronic and ionic origins) . have 
been» “measured by means of a copper 
f -coulometer, and, further, the ionic currents’ 
have been estimated, as usual, by weighing 
the segregated copper and sulphur onto a 
platinum cathode and copper anode respectively. 


er 


é : “Table 1. “Results of measurements of 

<n Ionic Conductivity. 
a oa + ¢ 
- Temp. | 150°C | 200°C | 300°C | 400°C | 500°C 
BN ei T ‘airy Big) 
-em,ohm.) 0.0031 | 0.0144 | 0.089 0.1994 | 0.0147 
6% , ; j 
) noe 5.776 |—4,240 |—2.419 |—1.612 |-4.219 
i - | ueet - Se ; 
| Mk 0.00324] 0.11 | 0.61 } 1.27 | 0.07 


600 °c 


FOO. 
* Fig. 2. fone c Conductivity and the ratio of 
Tonic and Electronic Currents. 


s. 


“The results obtained are as follows; an ionic 
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a 


aid (at about 500°C it disappears rather 
abruptly. 
Table 1 and Fig. 2, in which o; is ionic con- 
ductivity and J,/J, the ratio of ionic current to 
electronic current. As seen in Fig. 2, a follow-. 
ing. relation holds between the ionic con- — 
ductivity o% and the absolute temperature i 

0, =0)-exp(—E/kT) , 
where FE is an activation energy in ionic con-— 
duction. . From the linear relation between 
log o; and 1/T as shown in Fig. 3, the value i 


of E has been estimated to be about 0.4 ev in ie 


these specimens. Even though the ionic con- — 
ductivity is rather remarkable, the ratio of the - 
ionic conductivity to the electronic conductivity | 
is a few Percents at most. 


14 Y aS 2.0 


Fig. 3. Activation energy 
\ of Ionic Conduction 


- 


83. _Bleetronie Conductivity. 


electronic one in the limited range of temper- 
atures. But due to the small ratio of 0;/de its: 
total electric conduction (electronic and ionic) — 


will be approximately of electronic nature. : : 


The electric conductivity was measured, by the — 


These results are summarized in — 


current | does not appear in the temperature ‘usual method using a potentiometer with sonde, ' 
range below. 100°C. At 150°C it begins to in the range from room temperature to about | 
appear as far as our experimental accuracy 600°C. The results obtained are shown in 
does concern and increases ma peer atutes Fig. 4 which may be taken to show an electronic 


a 


5 conductivity for the bore teas’ The con- 
3 _ ductivity increases, according to the exponential‘ 
: law, with the temperature- increase from the 
- room temperature, which behaviour is character- 


5 istic for semi-conductor. At about 110°C, : 
cece. the electronic conductivity drops have been cachoivica “The achonides dia, 


idenly to the lower value and then increases of the apparatus for the measurement is sh 
adually with temperature. At about 470°C, _ in Fig. 5. Two Sings rods (Gr way are | E 


& & it mps up 6 a ee value and then retains 


09000000000 


re 


SRS Big. Bis Sepecitie diagram ay 
for the measurements of tele ae +3 ae 
linear exporelans: sat 


\2 = 


pe 


‘ 


Fig. 4, " Electric Conduckiviey: j 
of Cuprous sulfide es eee 


the i ionic. motion begins to prevail, the — . Ss 
dic field of crystal lattice is greatly diss = |. = ft se 
ted, which situation leads to the shorter = >““m 
lean free path of conduction electrons and 
es, and to the poor electronic conduction in 
temperature between 110°C and 470°C. 
us it may be concluded that there exist 
early three phases in the cuprous sulfide, 
amely a-phase (above 470°C), -phase (from | 
110°C to 470°C) and y-phase (below 110°C). 
the §-phase we have a rather remarkable te 
ionic current) as ord with the sharp bit Eee 


- are " deseribed in n Fig. i 


e 


iN 


ctually observed two anomalies at 110°C and 
70°C respectively as is expected. The dis- 
crepancy between the heating and cooling curves 
vill perhaps be due to the relaxation phenomena; 
The one anomaly (;+->8) in the lower tem- 
| perature side is observed to take place in a 
natrow range of temperature, while the other 
-one (8+— >a) in the higher temperature side 
‘to occur rather gradually in the somewhat 
wider range of temperature. The coefficients 
-of linear expansion in a, 8, and 7-phases are 
-of about 2.76x10-°, 2.42x10-* and 6.10 x 10-° 
.respectively. ; 


-§5. Anomalous Heat Capacity. 
From the: results described in §4, we may 
;presume that there is an anomalous heat 


la 


~ 2996500000000000500000000000006000090000 
eens SSS See 


\Th 


: Ande: 


s. ZZ . 


a 
Sty 


VACUUM - 


Ae Se in EE at ee I 
~ 8O9H0G0099090000000000000 000000 00000900GR00 
Fig. 7. Schematic diagram of apparatus 
for measurements of anomalous heat: 
Capacity. | 


7) 2866 


Ms Fig. 8. Anomalous heat capacity: of 
 Cuprous sulfide. ° 


“capacity at two transition points. (Therefore, 
the relative heat capacities at various temper- 
‘atures in the mentioned temperature range 
‘have been measured. The schematic diagram. 
-of an apparatus is shown in Fig. 7. A specimen 
-(S;) and a standard material (S:) are put into 
-a Ivacuum electric heating furnace as above. 
‘The standard material is a copper block with 
‘same. dimension as the specimen. A thermo- 
couple Ti is used to measure the temperature 


a Cuprous Sulfides-Sem conductors ‘e 


' Fig. 9. In Fig. 9, A is a powder sample con; _ 


Th, 


~ 425. 


of the standard material and the furnace, 
and another Th, is made use of as a 


differential thermo-couple between the ~ a ; 
specimen and the standard material in order toy IK E 
measure the temperature difference between ns 
them. ‘The results obtained are shown in Fig. — Bi 
8, in which a upper curye stands for a heating a 


curve (endothermic) and a lower curve a 
cooling one (exothermic). The abscissa is the — 
temperature in centigrade, the ordinate an 
arbitary scale of the deflection in Galvanometer 
connected with the ends of a differential 
thermo-couple Tz. The amount of an anomaly 
at lower temperature transition is larger than 
that at higher temperature. __ e es 


§ 6. Specific Heat. 


The measurements of specific heat have been 
performed with the well known Sykes’ method,” — 4 
using an apparatus schematically showh in © 
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Fig. 9. Schematic diagram of apparatus for 
measurements of Specific heat. 


tained in alminium vessel, Ba thick copper — 
receiver, C a steel cylinder which is used for -_ 
the interior of the box to be kept vacuum. | 

HH is a thermal energy supplied to the sample, 
and Th. are two thermo-couples, the 
former of whith is employed to measure the 


temperature of ‘the sa nd ’ 
serves to measure the. temperature. diifferetion, 
between the sample and the outer copper 
receiver. The specific heat of sample will be 
estimated by observing both the time rates of’ 
Ss ee 3 heat energy: ¢ Sphere? and 


00 ra 
. N ¥ eh 4M, 25 ae i‘ 
; ‘Fig. 1g Thermoelectromotive force of 
Awe AA ~ th Nie Ss a ey J boa Se. 4 Be : 


: _theamelectromotive isbcoss pe a /de 
: MARAE Bony je and has the positive: sign, ‘that i is, ‘the pot 
. Nak = i atatis ac at the ‘junction of low temper. 
Rig. 10. rT Eriparasaee dependence of fei as than one at the junction of higher mp 
sa ‘ i ae ny ennai heat. ae ae A iS accordance with the property © Pty; 
. ee ac semi-conductor. Some of the _Specimer ae - 

a 


eae vs 


a. ate to ‘the: raed 


pith ms to be realized in some alloys, which eas Hs 
1 2 to require a rather small transition 


ah one in passing through the tempera- Bt a : 


4 OR, 
yi eae tee “sf S44 a4 ve P 
_ “cunnes A, A A ina ts 
mt B.8 5S Specimen 


Re “Anomalous iharndoglaste aatbtives Force. nc 
and Thermal Diffusion of Copper Tone. 


in tie range from room temperature to. 
0°C; a specimen is shaped in the form of 
hag of 5mm. in diameter and 25mm, ai 


“case, we stave ay rest 
in Lai 8 12. 


small electiid| heater, which is. ‘heated byt 
direct arent to maintain the stable tempera-_ 


‘hes anomalous phenomena may be due to 
- non- -uniform distribution of copper ions 
ca ised by the thermal diffusion in specimen 
ith (emnieraiite gradient. To produce the 
: iform: distribution of copper ions, therefore, 
a specimen was carefully prepared in a specially 
deviced heating. furnace, the observes thermo- 


electromotive forces of which ‘are _ shown by a. 


curve B in Fig. 11. 

- From the’ repeated measurements on this 
same specimen, however, we obtain the results 
shown in Fi ig. 13, which may be taken to show 
the ‘anomaly due to the heterogeneous distribu- 
tion of copper ions caused by the thermal 


Specimen No. 12. 


ah Cunme AGS - nlaing une), 
, Guwe B 
y} 5 i i : re — i ee: 
Fig. te aroiaslons ies 
ite electromotive, force. 
atemion. “Especially, at the temperature of 


the anomaly’ being observed, ‘it should be noted 
that, just after the measurement of the thermo- 
electromotive force, the potential difference of 
a considerable magnitude. continues to be 
observed, for a few minutes, 
sides of the specimen inspite of removing the 
temperature gradient in it. This phenomenon 
may be considered to be closely related to the 
hon-uniformity < caused BY, the diffusion of copper 
ions.. ae ! pty 


may. be considered to easily migrate and diffuse 
in such a specimen with small temperature 
gradient. This. fact was made clear by the 
following experimental. measurements. 
pieces of a small specimen (3mm. x3mm.x5 
mm.) are arranged side by side between two 


platinum ~ electrodes and this pile is put into 


a vacuum electric. furnace. Both sides of this 
pile (namely electrodes) are maintained at 


Cupr us Sulfides-Semiconductors 


180°C and 380°C respectively, thus producing | 
temperature difference of 200°C between two: 
electrodes, for about 30~40 hours. Before and — 
after the mentioned: heat treatment, each of” 

eight specimens was weighed precisely, and — 
the results obtained are shown in Table 2 and 
3. From these results the diffusion of copper» 


{Sp No. 1: High temp. side (380°C) ti 
Table 2 


Sp. No. 8 Low temp. side Ca 
Before | ‘After | e 
~ diffusion diffusion difference ny 
| aaa hae 
I 122.70mg} 121.08mg; -1.62me¢ Aaa 
2 | 189.46 138.43 ~1.08 i 
3 149.10 148.29 =0.81 : 
4 | 145.76 145.75 —0.01 
5 131.47 181.69 HO. 22 
6 | 134.81 135.47 +0.66 
Yh 90037 123,11 40:94. 5 
8 | 124.61. || 126.09 2148 
ny: i No. 1. Low temp. side (180°C) 
Table 3. gp. No. 8. High temp. side Sak. is 
i ‘Before “Phot, 
\ a diffusion diffusion fee 
1 12008 rag"). 199 do'tie | 2. aera 
2-4) 188.43 139.39 +0.96° 
3 | 148.29. | 148.86 Hoy Ae 
ao |. 145.75 146.06, |} 40.31 
po B& | 182.69 180 ,46.0' 120,23 ge 
16) ABB. 47 1 1841865 + | 061), AE 
ay ite (i bap ye P22 UBS l= 02087 ire 
8 126. 09 124. 56 1,53. 


electromotive force in the 8-phase may be CO: 


‘between. both . 


foe his kind guidance and, encouragement. 
i Can 10 (1915) 491. 
(b).. As Be enapnel Eice, the eopber ions — 


(1926) 284. 


Fight. 


‘ 
Ne 


, ions. is seen to take place sO . easily from the 
‘high temperature side to the low ‘temperatur 
one, and the mentioned anomalous thermo- 


sidered to be ascribed to the heterogeneo 
distribution of copper ions due to the temper- 
ature gradient. 

In conclusion, the author wishes to express hiss: 
thanks to Prof. T.. Muto of. University of ' Tokyo: 
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The Electrical Conductivity and factions 


in 1. Cuprous Sulfide, Semi-Conductor. 
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The erecatthenval iampemetiee of the isothermal ‘Hall effect on | the he 
cuprous sulfide were performed with the following results. - 


In the stoichiometric specimens, the vale of Hall constant R. are about ; 
g~4x109| Volt-cm 
Gauss- “an mp 

” 12fem*/Velt-sec], 


e mobility ‘a and mean free path ie are. “about 
in the f-phase. 


9fem], Tguignarere ae ‘values of R, “ and is ese 


As compared with the peiieniseapirid epeotnans,: ths Sas oe a Sanat Lin 2 
the sulphur eXCcess | specimens do not increase so ‘much as the conductivities ki 
‘do. On the contrary, ‘in the sulphur deficient specimens, the. decrease of dy 


vw and J is not so.remarkable in comparison | with | that of conductivities. 4 
"These phenomena - may be considered that the impurity scattering ‘duet to Bee, iE 
free peleoiroes and holes makes the values. of a and. t reduce: 


+¢ rita) 
Ae oe 
rise 


ee experimental studies ‘on ‘the: physical ‘they ‘show the char: acteristic 


semi-conductors as ike 


sion “that tee e is a new transition point and. in thd figk! temperature ane the 
a at 470°C. RM cciycecaas milage 


_ current ‘scarcely appears. apa ‘ 
a hat NR aca “>. While’ the low temperature tr: 
ich he, We ight, sare WepaL ce 


4 


920 rand bea has Sere 


Wr s ht Vf bene Te y; 
cr —_ Eectibal, Conch 
f 


Ie Gram | Tonic SEE Wh a, 
NOE WG WA J 


ta 


1 
i} 
i} 
Wet 
\ 
Ail 
\ 
1 


} ductors, and ‘their 
y 

\ 

\ 


ees ‘holes hie’ 
ner "measurements of the 
-cuprous _fulides, bE 


es. 1. Tonic and Electrical Rea ets 


~ atures.- 


many: sroterd, ‘about’ cuprous sae previously 
ew. Vogt, E.' Engelhard” and recently S. J. 
: Angello, 5) W. Feldman® and T. Okada™ have 
a investigated, about Zinc oxides P. H. Miller? 
has studied. But about cuprous sulfides it seems 
' that no workers have studied »on: the stand 
points of modern See Ma 


_Ratentiomten 


Fig. Are Séheriitic inode of apparatns: 
_ for measurement. 5 


tae 


fe 


The cuprous sulfides are Cle pon pure 
4 copper block and. pure sulphur powder ina 


- vacuum Pyrex glass tube at about 600°C, and 


_ as specimens are formed about. immx3mmx 
15mm. ~ Fig.’ 2. _shows a schematic circuit 


- diagram of apparatus for measurement of Hall 3 


effect and conductivity. : 
The main, currents through. the specimen are 


< pied by a battery. B (about 20— Volts), in 


‘this circuit a standard resistance R, (100 2) is 
‘set, in order to. know the values of the main 
currents by measuring the potential difference 
- between the ends of this resistance. 

Fine wolfram wires (diameter 0.2mm). are 
used as the measuring proves of Hall potential 
and resistance, which: contact. on ‘the platinum 

spots sputtered on the surface of specimen. 
- The wolfram wire has the advantage of - being 
able to retain its spring at the higher .temper- 
The potential differences raising from 
the Hall effect, resistance, electro-motive-force 
¥ of thermo couples and the potential drops of 
main currents in standard resistance are measur- 
(edb By the. peter. popehomstcr ough the 


- 


499 


swiches Ki, Ky, K; and K; respectively. To raise 

the temperatures of specimen, the specimen — 
holder is inserted into a small electric furnace, 
which is 1.3cm in diameter, 15cm in length 
and its heating wires are made of wolfram 
because it is non ferromagnetic substance. The ae 
pyrex glass tube (dia. 16 mm) containing above a 
mentioned furnace and specimen’ will be set — : 
between the electro-magnet poles, which yields on, 
about 9000 Gauss at the gap of 20 mm. between 
the poles. 


Sige Ries 


Fig. 3. The sign of Hall Constant. . — ia 


When the currents Z flow rough: the 
specimen and the magnetic field H are applied 
perpendicular to the currents, the following 
Hall potential /;, appears normal to both the 
currents and eagect x field 


By Ree. 
d A 

Ghote: d is the thickness of the specimen in. the 
direction of the magnetic field, # is the Hall 
coefficient, its sign is positive for P-type- con- 
ductors (Fig. 3 A), negative for N-type con- 
ductors (Fig. 3. B).' In Fig. 3,, the © ‘Hall 
potentials are positive on the upper: side~ for % 
the case A, on the lower side for the case B. 
Expressing E; in volt, A in Gauss, Z in 
ampere and d in cm, the dimension of Fis) — 

[Volt-cm/Gauss:amp], but when R is expressed. 
in [cm*/amp-sec], rai 


| R[cm?/amp-sec] =10°x 


In practice, to determine the true Hall voltage 
Ei, , the following procedure was carried out: 
In the first time, the Hall effect was measured’ 
with the magnetic field in a certain. direction. 


Bo 4' This yielded V, in ithe: equation — 
« Vy = En4V_4Ve+ ae i; 

rhere Ve is the potential difference arising 
rom that the Hall-probes contact on the no 
equipotential lines on the specimen, Vc. is the 
act potential difference between the probe 
specimen (rectification appears !), and Vr 
‘ the thermo electric potential between ‘two 
-probes in different temperatures. In the 

dh 


oa ‘rélation Wy 


mo range from 20°C to 250°C. raitht 


stabad the main currents and so the ~ 
Het, ve oe i 


er Lbave "mentioned, ‘the. typical tive: 
hens of which are as follows. — 

¢ ‘he . typical specimens are a ‘chemical 
| toichiometric one (Specimen No. 81), two 
‘specimens containing sulphur 0. 1% in excess. 
No.’ 34), 0:29 “in excess (Sp. No. 36) 
e than stoichiometric one, | and two speci- 
ns ret aha sulphur. 0.1% in defect (Sp. 
No. 41), 0.15% 
than stoichiometric one. The percentages of 
ulphur above mentioned are the ones of 
eat to the ‘sulphur constituents of the 


_ The low eneraNe 5 with: Naraciin contents. 


electrons and copper ions. ar oe sea 


in defect (Sp. No. 44) less F 


are shown in Figs. 4~8, which are sh 
the. Hall constant FR, “conductivity a8 
free path 7, and mobility. ra as a function : 
reciprocal absolute temperatures. ° i * 
_In all specimens, the temperature dependency 
of conductivity is as same as that the autho ‘ 
reported previously,» that is, ‘the ‘coductivity 
increased with iene in Wears: cre: 


A 


110°C). ’ 

The signs ‘of Hall. pete were ‘positiv 
which meant the cuprous sulfides were P-ty 
-semi-conductors, this \ was yee with 1 


t 


hs; 


in excess oe had a j Gorka ncreas 
On the otherd hand 


ee power,® chat is, 3 


“e 


innetbitlation of ‘ede — is 
yet because no detailed theoreti cal 
tions of Hall-effects. in which e 


4 


taneously have been a performed te 


§ 4. Analy of frente and onder 


on cee conductivity ao al . 
calculate the: mobili 
of the mit 


Hall Const 
R 


eae ee ira saath, eal J Bs anol é Volt. cm 
ws VES PS Aoi) Dirormuee date Avss eed . * : : fe en) [Gana sn| 


cm’ dl 
[Woke sec 


: oe 4 ‘Specimen No. ‘31 1 toehiometioy 


amy 
Z ¥ 
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holes of ths Heated sample are degenerate, a 

ea T<T, are non-degenerate. ; 
For the samples treated in this paper, 2~10"*, 

so I’)=160°K for these values of 2. For t e 

; temperature, T in our case, Lo<T, the electron 

holes ma’ y be treated as non-degenerate ste 
_~ The relations between the conductivity « a 
numbers ” arid the mobility le of the 


oR electron holes are™ 


C2) BP a ie 
2) 4 nle? Hf 
ah ais ae : 10 — a The relation between the yz and ee U is. 
NY he . as 3 ’ el . i \ ihe 
i Sa ee ame De Seals aha soars 


Inserting’ the pee values into. (4), if i 
m is the free’ electron mass, “ may be written 
in e.8.U. as follows, 


B rity 4 


£ | Big. Be _Spesimen No. 34 ©. 19% 8. ‘croen) 


en aR anc n, ieee is. ak ‘relation’. Ge, ee 


© case o} “nondegenerate states.) “1 


coy Rz7. 4510°°<1/n- t see : RK a 
[Volt-cm/Gauss: amp] Ae. 


Se yom (2) and 65") 
B= gy pandas 


aX 


: 3.0 


vas 
ee 
¥ i i 
; the y-phase Tbetoee: 110°C) these expressions. 
may be- Sees ees i ‘be Pe 
plicable. : ‘ 
Ze Lt as! noteworthy phenomenon that in spite 
of the conductivity of the specimens ‘CNo. 34, 


No. 36) ‘containing impurity sulphur excess" 


; ae larger values than the one of the stoichio- 
metric eee ae 31),. fe eke free path v 
an the ofies “of the ete This may’ be 
understood if we consider that the predominance 
of impurity scattering makes the values‘ of 
and 7 reduce. “And also in thé samples (No. 
42, 44°) containing sulphur less than the 
stoichiometric sample (No. 31), the conductivity, 
“reduces remarkably, but the he and reduce 
‘rot so remarkably. This may ‘mean ‘the dim- 
ination of the pe of BER; 


itr and Hall Effect of CuS Semi-Conductor. 


6. Specimen No. 36 @. 2% 8. exces) 


Hall Const 
R 
Volt. cm fe 


Gauss, =| ‘4 1. 
One 
om 


mean free. path 


3.8 


pate x10" 


+ 


Let us now estimate the number of impurity 
centers in the samples. © jae 

The relation between the number Np of im- 
_ purity atoms in unit volume and the number : jue 
of free electrons (or electron holes) in “unit” aa 
volume: is!) Pata cy 


2 


QnmkT 2/2 V2 s 
Ca) RI ae exp(-E hp 
where FE! is the energy \separation between the 
top of filled’ band and the impurity level. 
Inserting 7 a (7) into 6), we have _ 


alee 
ued 


sash ks) 

Me Bi ne Birt 
Oa =a Gente | 31/2 E/T DSN AE 
= "gp. 2 ko pO eis ern ay 


= 1,06 10#2X m~/2x T'-8/4 x eF kT (emu: 2h 
‘ where an effective mass ™ is approximately 
equal to the free electron mass. In Fig. 9 is 


434 


25 


a plot of log! asa function of the inverse 
_absolute temperatures. At the range of 
temperature below 110°C (7-phase), there is a 
linear' relation between log & and 1/7. The 
gradient of this linearity gives an activation, 
energy of each sample at 7-phase, and _ its 
values are same order as the values obtained 
from the linearity between log o and 1/7.’ Th 
values of activation energy -Z obtained from 

the conductivity are. given in Table I. 

The values of ” obtained from (5) are shown 
in Fig. 10. As sbown in Fig. 9 and 10, the 
fact that there are the linear relation between 
log F or log and 1/1, means that the number 
m of impurity centers don’t depend so much 
on temperatures, then we may calculate the 
the values of at a certain temperature in 7- 
phase (e.g. 17°C) and show this values in the 
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| Fig. 7. Specimen No. 
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3.5 YA * 10° | 


41 (0.196 S. deficit) 
t > ne 
Table I. \ Pitt 
The crystal structure of a stoichiometric 7- 
cuprous sulfide is by Buerger® a rhombic 
structure; @=11.90A, b=27.28A, c=13.41A. 
Using these data and density 5.8*, the number 
of molecules in cm*.are 2.23 1072/em*, And 
then it may say that the 0.1% and 0.2% 
sulphur excess samples (No. 34 and No. 36) 
have to contain.2x10"/cm*® and 4x 10"/cm? 
impurity sulphur atoms respectively. While, 
the. values of 7 obtained from the measured’ 
R are large by the factor 10% as the above 
values, and further the sulphur deficient samples 
(No. 41 and No. 44) are measured to contain 
the impurity sulphur 10%~10?°. . From ‘these 


. facts, it may, be: considered as follows; in the 


stoichiometric samples: and even in the. sulphur 
deficient samples there may be: eee soe 


Conductivity and Hall Effect of CuS Semi-Conductor. 
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Fig. 8. Specimen No. 44. (0.1594 S. deficit) 
Table 1. 
> _ Activation Free electron malas Ssahed » Impurity 
Ppacten | | energy holes Sulphur 
_ aoe Ji m (at 17°C) - “ Gmeasured) no 
ae ee | § 9.052 eV 8.6109 2.57 x 10% 4x 1019 
< 0176 excess ~ 0.056 5.2x 10% 1.08 10% 2x 1019 
‘ “sw et | 0.062” 2.4x 109 3.8 x 10% 
4 . “s Ls : 19 ry 
; rare a “ons a4 dese 0.076 2x10 1.3) & 1070 
Je, os 4.4x 1018 | 4.65% 1019 
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"Theory of the Specific Heat af Grapl : ia = z 


‘By Kons KOMATSU and Takeo NAGAMIYA. 


PH aaa - Department of Physics, Naniwa University, Sakai and Department 
SS of Physics, Faculty of Science, Osaka University. acitncleyA 
. \ (Read October 23, 1949: Received January 31, 1951) ater eet 


OSA a tt The graphite érystal is Pactantena « as a system of | thin elastic pte rae 
spaced at a constant distance. An elastic force is assumed to act between 
4 each neighboring plates in such a: way that a local change of the spacing 
_ between them produces at that point a tension or a pressure normal to the | 
PPh cee lve plates whose magnitude is proportional ‘to that change. The vibrations of 
Bie _- _. this system are assumed to be separable into independent parts: the bend- 
ing vibrations in which the displacements occur normal to the planes of the: a 
plates, and the extensional and shearing vibrations in which the displace- ape 
- ments occur parallel to them. The frequency distributions of their normal. Ce 
“modes are studied, The values of the elastic constants of the plates that 5 ap 
‘determine the latter vibrations are derived from the force constants” OE. ke 
Bi a benzene molecule, while the value of the bending modulus of the plate fete 
Cie determined by fitting the calculated specific heat curve with the ‘observed 
ae The constants of the elastic force acting between neighboring ~plates 
ae ERE derived from the: ‘measured elastic constants ‘of graphite mainly» the 
compressibility). “Small contributions: of the electronic specific heat and the — 
- - Cp—Cy correction are added to obtain. the total Specific Pipa ‘The result 
ie in sie agreement with ere 4 


» nt er 


Acai oe ‘separate gees! for are 
“known that the specific heat. of: Sec ete of the: atoms Bs, 


rye 


no to fie sehee than to Tp. Tt: seems 
lebye’s theory? can not be applied to. 
system ‘as graphite that has a> remark- 
x structure. _ Nernst” and. Magnus” 
dt to explain ‘the experimental. curve of | 
cific heat of) graphite by use of tpt 
eristic temperatures. The calculated 


lentes ones in * thie ‘fenperatice: cane Contant sates. an eee 
o°K, ee discrepancies were consider- ” tween ise es athe 


cific heat of graphite based on =e ‘peculiar ie) valence fos oe 
line structure, ae SR coos ani a ‘single layer, while 
! distance between the rae atoms which stant between the neighbor 
in the neighboring atomic layers is 3. 40A, derived from the compressi 

Vy vhich is considerably larger than the distance © the direct - experimental 
between the atoms in the same layer, which i is ‘forces | are unavailable, we wish 
hae. 2A, Accordingly, the interaction between two of the elastic co 
ty th neighboring atoms in the different layers ‘tensional and shearing 1 
is considerably less than that’ between the ments of the vibrations 
ighboring atoms in the same layer. It may by, making a slight 
be reasonable to consider that the. lattice | remaining one by fitting th 
ations ‘Consist of ‘two BpPLOnAtely inde- - heat cur 


Dim ensional ‘Vibrations of 


etd 


independent. elastic constants, C1, Cra, is; C33; 
14, (Ces =2(C11—C12)). We can omit such con- 
stants: that refer to the z-axis (the normal to 
the plane). For the vibrations of the layers in 

which the atomic displacements are confined to 
its plane, we have, to deal with only two’ in- 
dependent constants, coca and Cy. A hexagonal 
layer can therefore be considered as isotropic. 
We shall treat it as a continuous 
medium. The velocities of the transverse and 
q the ee eee waves in it are? 
ars Zone a pany 2. 
ie Br ivaly, where p, E and o are the volume 

- density, ‘the Young’ Ss modulus and the Poisson’ s 
» ratio, respectively. . ‘It is more ‘convenient, 
however, to use those constants which refer to 
surface rather than to volume. Denoting the 
_ distance between the adjacent layers by ¢, we 
- shall define p" and E’ as follows: 


p= cp, E’=cE. (2) 
Then a can be written oe in fae 
oe MA ‘Bp te)’ Lies ee pa ay (3) 


- theory of a three-dimensional continuum, we 
— obtain — the distribution function of the normal 
~ modes ae (), the maximum frequency Vmax and 


- the characteristic temperature , @ as follows: 
2nV 


E fo 7, (a+ 1), oe 
8 Se be +Gr)h ©. 
Pe ria taal © 


2 mhere v, N, hand k are ane erage: volume, 
- Ayogadro’ Ss “number, Planck’s constant and 
_ Boltzmann’s ‘s constant, respectively. 

At high temperatures we can derive - the 
tones pee patna t formula of the: specific 
heat SC; Ce ae eee 
nA 


oo a ae. 
era FO 3h 720. 24192 
hee eae Neda Ake ate con 
aoe Ay aoa + 86400 es 
/ and at + low Geramanairest Ls 
PNY Saeage © Clea ea 
han Ba rae, ated ieee Oa 
ee en ae Wine aaey area 
—6r3e -m( ae ett i) (8) 


mat, 
Rit tir 


= Specific Heat v Graphite ea 


NS hexagonal. crystal had in "general five 


atoms in the hexagonal layer of graphite ares 
not known. 


have been determined by the analysis of the 
isotropic. 


‘spectra. 


; accurate estimation of those of graphite layer. 


“the coordinates, as follows: 


and 4 are the deviations of Rij; and 7; from 


_ Treating the Spobien just as in Debye” Ss : 


\ 


deviation of the carbon-hydrogen bond from 


frequencies of the normal vibrations. 


439- 


k= =3.97 itd mole and c= . 


Face! aoe is: 
0/T. 
§2.2.. The Determination of the Elastic 


Constants of the Layer and of ai 
the Characteristic Temperature. — 


The force constants between the carhon ts 


not However, the. force constants 
between the carbon atoms of a benzene molecule _ 


infra-red absorption spectra and the Raman 
Through adéquate modifications we — 
can obtain from these constants a fairly 


Wilson”) discussed the planar vibrations of ae 
benzene molecule on the assumption that: the at 
potential energy ¢ is a quadratic function of Dla 


26 = Prt (ARi2)? + (ARg3)?+ - +++ C4Re1)?} 
+ Qa"{( 471)?+ (Aye)? + +--+ CAr6)?} 
tly (b= a)*CAP Ae bag se. Go: 

The constants @ and b are shown in Fig. la, — 
and the coordinates R,j and 7; in Fig. 1b. 4R,} “ 


H iad ; | ae eye iH % 
~ nu BAS ay 
eee ae is ee “) ‘ 
ey i; ‘ is 
ae PPS) Se 
Fig. la. Benzene Fig. 1b. Distorted benzene 
~ molecule. molecule and the explana- 


_. tion of the coordinates used 
in . the potential energy 
. function. ee tie 


their equilibrium values, Sai 1; is the angleof 


the bisector of the carbon-carbon ‘bond angle. 
Using a; and 8 in Fig. 1b, (9) can be" 
transformed into vie 
20=po{(4Riz)?+ CARes)2-+ os + CARw 2} wt 
a aT Ap Pe Arey aire ey 
+1/2-In(b— a)? -{(4ay)?+ (4B1)” 
<+(4a2)? EE atas “+ (4a)? nae 
(10) 


+48 )*34+-- 
where May: ie es =0 and 
hy (b—a)? ac 
=O) oa 1D 
= dp 4 a el J 


Using the expression (9) for the potential — 
energy; Wilson derived the formula for the _ 
Lord and 


oe spectral aes and oe the following values: ; simple sublattices under 
| of the force constants: SPs mike} potential energy of the whol 


Md Ma ODE a 58 x 10° aerol. NER _ minimum value. We have Os 

Oe Bei sy PO) 165 10° dynes/em, n!=20/ 3 poe’ / bot 64y/) =1-16X 10° ? 
y= 0.76 10' dynes/em.. From (12), (3) and (6) we haye 
n these values and @=1.39A, b—a=1.084, — -B’=2.90x108 dynes/om ae 


we ta for the. constant Qe’ ‘appearing | in sitet omuee QA gcd SEE Oh RR OS 


i tiv ad Ohad 28%10%em/sec, : 
6 =0. 54x 10° dynes/em . se sea)  t1=2. 01x10° cm/sec 
shall employ po and q@’ instead of ®) pes i a: =2440° jects ee ah 


ha ‘modification mentioned. below. Both qo’ 
ppp isoond to the change of: the valence _ 8 3) 


, Wy y are equivalent be a case of 


: so that the coeflicient Sab a)” in i 


Making ¢ the assumption Pert u 
anti veplaoed by q eis for that case, have the Sa of ‘vibration of the 


€ ts 


Ww, i a well eR fact! that rs POG “ =. “Ke (Ste peu 4 +e er, 
- fore constant a connected with - the a Pn att e Waar ae : RE : 
r ion of the length of (om Gs bond varies This 

aor in linear relation with the bond. order. ; 


equation is ‘the ‘equator of. 
phere: of a th 


e A 
he right | hand de wh 


‘dime ey ea padi! k and the rigidity ve avidly Walser aig 
n. It is easily seen that» they are - sonnected cares for the clastic interact oe een 
MD and a by haus ~~" neighboring. plates. idee Wn 

ab nt Ck! Kt"), coe (h’—n wares: (12) sear seveth die of the Plate at 
ently, Rk’ is directly connected with py. 
nsidering a uniform expansion of the 
joneycomb network of carbon atoms, we can aes i 


he 


8th Bren the following relation | 


$ aa Dee ay vee 


ae eer 48x 10° dynes/em . j Ne Oe, 


i a determine the elastic constants EY and 6 


i 


i 


PR’ =fy/2V/3 =1.94 10° yuan ene é . ae of Loe 
‘derivation of the relation between 7’ a force constants... t star 
were > not btained ne rough 
Qs" must be carried out more carefully. % enue ane Laie} he 


ce there are two atoms in a unit cell, / we 


t between the neighboring dimensional: continuum; f(») is proportional 
Z tes ‘respectively. Nt : to » for low frequencies, instead of to v? as in : 
= Puttnng _ men is ee if eae is _ Debye’s theory... f Since the distribution function ae 
9 Wy = W. weno srapraceo , (14). (4) is also proportional to v, the total specific 
we have © Ba ets th nie heat is proportional to T? at low temperatures, PaO, 
gis’ Ante an2 +-0)2)*+ 12 /a* setae ts a5) Re: in agreement with experiment. 


The contour poe const. is a surface of revolu- 
tion about the g,-axis in the o-space. The 
volume of the a-space enclosed by this surface 
alone (WXp/z), or by this surface and the 
Planes ees 7) is respectively — 


Pl /neesit live 


Mon =— A ily “sin?¢o. do. 


ts 
VS (7) (16) Sai eile ; | ‘ran ee 
a C a, by a _ Fig. 3.. The frequency distribution function — 
aor =4 [papa ate os Sei et ada \ for the vibrations perpendicular to ae 
a the layers.’ ” ah 


2 17) ry ips) é 
OEH! 2x ae roa order to: calculate the Hooke’s force con 


stant p’y? from the measured value of | aes) 
compressibility, we shall assume that the com- i 
pression by a force parallel to the direction of La, 
Wag ts the z-axis produces no extension or contractior 
“Yossi ee | in the direction Z- or y-axis. Now, we can 
= estimate the compressibility at the atmospher 
ee 2 292 2. CO. ; 
oee ee ha ai mt es pressure from. experiments by Bridgman” as 
Bei) \ K=2.96 x10-? cm?/dyne. Denoting the Young’ 
: = = nee - moduli ‘in the direction perpendicular ‘ane 
fa c es mp “sin? 
net Z aa i p parallel to the layer by £. and E, respectiv : 


Beas: The case Eectynia| 
if From (16) we have for the. digabbtion 
u Be uneon ‘of the frequencies per one. nee. 

atom of F graphite ; ii 


mA 


fof 


as 
‘The ate integral _ is a complete elliptic ly, the above assumption yields 


: piel? and Ce): can be written Beata an ye Uw 1 201—o) 

° ; 3 ce an oi 

: my : ; 4 Ew Ey 

’ cy @ eae ee # ) : 195) Inserting in this the relations E,= and 
©) The. case bale ays p'#=E.,/c, and using the values of E’ (fro 


which we have E; =8.53X 10” dynes/cm?). 


a rom. dan we have. 
6 previously determined, we have 


1/2e 


V Cage ee ie “ls Bhat 6g a0 dynes/om we 11? x108/ 
$0 M, oe VA ice = f/m ‘sinzea, : Then i 
uae a mn eee otonns al inppeclaectbueas, ) _=179°, ‘ 
it ae = mK ey V1 /nesin’y 1— eee sin’? where 9, is defined by RO:=hv... 
Mae Spit V Using the parameter Y defined by hu (RT: 
f: a oe) e t (20) £-@./T, the contribution of the vibrations under. 
; eee cv consideration to the specific, heat is” given at 
Tihs Be Ve ‘= /Tt, we have Ste lby mH 
| r (7 a "ex ae eae 
ate Ae ne ew ( ) cr of (21) . ore: we fas 
Lc ou cap ae ye Cees) 2) fs Oe 
TK vs bias ra) x \ 
ee ( ew ; , (3 \ 
The anes Parad 6. the fanchients f(y) is shown T (24) 
in Fig. 3. It. will be seen that this curve _ ex Ov )-1} : 
ie 


Cis" yeu? se oe different siege that»of the'three- — 0 


Nee aD By 
y, ™ #4 
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Here x’ is the maximum value of 7 which can ree with the formula (25) we have yo=Seve 
be determined from the degree of freedom of On the other hand, Coulson’ s theoretical 
the vibrating system. To that purpose we estimation is 7)>=0.9ev., 71=0.09 ey. Here we 
must know the value of « appearing in (16) arbitrarily adopted the former value ro=3ev. 
and (17). « should have some relation withthe and determined 71.by taking the same value of 
bending force constants of benzene molecule, the ratio 71/7. as Coulson’s, so 'that 7:=0.3 ev. © 
but we have at present no satisfactory means Using (28), the total. energy of the ik 
of estimating « from the latter. We therefore electrons per one gramme atom is 

determine it by fitting the calculated specific ie . 
heat curve with the observed one. In this way U ea ay re Se [ — iz [ee ; 
we obtained enone 5 


= -3 2 ‘= 
K=3.83<10 cm?/sec , LSU s . | ree yA 3 ey. > |ae, (29) 
Crawford and Miller™ discussed the bending ~~ 71 47; : 
vibrations of benzene molecule ‘and obtained where the energy at T=0 is taken as zero and” 
the bending force constant B in combination the relation N=4V/3/3a@%c was used. The_ 


\ with other small constants 0), n,0) in the expansion in the integrand of (29) is available” 


AU 


following form; only for the energy range €<271, but we can” ; 
B-2b)+2bn—b»=2.03< 1074 dynes/cm , safely use it in the whole of integration range 
OK ckeK 
B—by—On-+bp=1.57% 10-4 dynes/cm . up to about 1000°K, if our choice of a large 


‘ fe ny value of 7. is allowed. Carrying out the: 
From. the value. of « mentioned above integration: we have 


we obtained.the corresponding constant By ON. 

for graphite, neglecting 0’s, as 0.97x107* Ugh oar 
7 V8 nie 

dynes/cm. i 
2) +1. 80 RTS +5. ->+..G0) 3 
3 §4. The Electronic Specific Heat. ’ 
; ue (30) Ae respect to T and. 
putting the numerical values into the constants,. — 


The band structure of graphite was studied 
in detail by. Wallace’. According to him, the 


dependence of the ehergy eigenvalue of the we have for the electronic. specific heat <q 
: ‘2p. electrons on the wave vector k (k,, ky, R-) C.=6.7 Xx 10-7T(3.29+0.49x 107? ee 
. Bs +0.14x10-°T?+-- -) cal/deg. mole. GD 4 
; aye E=E, S70 [ grelt rise’ , (25) §5. O,—C, Correction. 
he: i The well known formula 
an -where-the following abbreviations are used: 


ee Oo—QH=ACZT,:. A= @V/CeK (32). 

I'=2 cos 2nk.c , (25) will be used for our calculation, though these” 

te ' S=éxpC—2zik,a) relations are known to be valid only for the 
+2 cos V3 kya-exp(rikoa). (27) solids in which atoms are acting with each. 


The density. of the electronic energy states Other by central forces. . Putting the values 
oan -5 ’ 
near the corner of the zone (¢<271) is given a=2.2x10~°/deg,; Cy=2.08 cal/deg. mole at 


5 by ** The constants a and ¢ in our notation differ: 
. 2Vr1~—. \e| 8/ -€ \E ** from those of his original b 1 Le 
Nia) fet So foe ae paper by simple numerica 
(#) ee SUG AM rh + factors 1/,/3 and 1/2, respectively. We, also: 
-corrected for his error of the numerical factor before 
WW In the above equations 7 and 71 are roshohiie the curled bracket of (28) which has its origin, 
integrals, € the energy value measured from a ee: Bae his original paper, by multiplying a) 
- corner of the first or the second zone lwhich ae Tf pet oy 
_. ~ has the form of ‘a regular hexagon. (30) will be iba rae pas ate oy 
oa We can estimate the breadth of the band as up to room temperature. ¥ The a ic 
_ roughly equal to 9 ev. from the data of the specific heat will become 6 times as large as that 
fine structure of. Ka emission line given by given here at room temperature, although: it amounts: : 
Broili, Glocker and Kiessig.™ C ing thi ‘ | 
roili, Glocker a essig’. omparing this +o only 0.3% of the total. specific heat. — 


4 


3 we 
ft Miser eae 


1% Ags 7 ale 


t, 


he y of the Specific Heat of Graphite — 443) 
ae ‘Table 1. Results of, the numerical exicnlanions : a Mi 
‘ | _.of the specific heat of graphite. 6 , oe 
MK wl C i Ox Cen. AC=Cp—Cy =C C’ a us ; ‘D Cp cal. by Y Sat 
(7), €8)| (24) (31) 3 ee ae Aire 40 observed Debye formula . 
30 | 0,01 | 0.06 2 0.07 0.04 0.002 
- 40 | 0.02 | 0:10 0.12 - 0.08 0.005 Paes 
50 0.03 0.15 0.18 0.13 0.009 
60. | 0.04 | 0.20- 0.24 0.17 0.016 
70} 0.05. | 0.26 0.31 ‘0.22 0.025 
80-4006" |.'0.81- | * 0.87 0.27 ° 0.038 Be ety! 
- 90 | 0.08 0.36 0.44 0.33 0.05 
100°} 0.10.) 0.41 0.51 0.40 0.07 Be 
120 0.14. | 0.51 0.65 | 0.54 0.12 f 
150, 0.22 0.65. | y ONS T 0.77 » 0.24 
170 OR27 UE Ta~ 1.02 0.94 0.34 - 
200 0.38 | 0.88 1.26 1.19 0.58 
220 0.47 0.96— 1.48 | 1.38 0.74 
250. 0.60 LOve 1.67 1.65 0.99 
270° | 0.70 1.11 1.81 1.81 1.18 
‘ 300 |) 0.84 | 1.23 - 0.01 2.08 2.08 1.49 
320 0,94. 4) 1,31. 0.01 2.26 2.225 1.69 
350 1.10 1.37 - 0.01 2.48 2.49 ~ 52.01 
400 | 1.36 1.48 20.02 2.86 2.86 2.49 \ 
450° |= 1262 | 1.55. 0.02 3.19 3.20 2.91 
‘ 600) 1.84 | 1.63 0.03 . 3,50 3.50 3.28 
i 550 2.05 °} 1.68 0.04 BBM 38-01 Feuon! 
Bt 600 | ; 2.24 172) ‘0.05 4.01 4.01 . 3.89 
; - 650 2.41 1.75 0.05 - 4,21 4.23 4:14 Yb 
. 700 | 2.55 | 1.79 0.06 4.40 4.42 4.35 eK 
750 | 2.69 | 1.88 0.07 4.59 4.59 4.58 
E 800 | 2.81 | 1.85 0.08 4.74 ~ 4LTA 4.70 
e ‘850: | .2.91--}. 1:86 0.09 4.86 4,87 4.84 
pe 900 | 3.00 | 1.87 | 0.01 0.10 4.98 4.97 4.96 
fs 950 | 3.08 | 1.88 | 0.01. OM 5.08 5.08 _ 5.07 
1000/|/ 3.15) 1.88 | 0.01 0.12 5.16 5.16 285. 1638 
‘ b : 2 : u : 
3  (90°—300°K), and Spencer (300°—1000°K). 
3 % The agreement between ‘the observed values: 
ce and the calculated ones is almost complete 
; ss above the temperature 250°K. Below this the 
30 calculated values are somewhat larger than 
E beh G ogi 
= those observed. By taking a larger value o: 
ome | « than that given ‘akove, the agreement belov 
a the temperature 100°K can be improved 
eA calculates although the agreement in the high tempera 
HER: apetrege ture range will then be spoiled to some extent 
6 \ “For the saké of comparison, we have als 
i - given the calculated values from Debye’s 
\ 400 600 he 


sooo 


G00- 


(65 
Fig. 4, Comparison of the calculated 
_ specific heat curves with that _ 
ore observed, Re 


o- room ‘temperature, we have for the “Op— Cy 
correction the values given in Table 1. 


— -§6. Comparison with Experiment. : 
The observed values given in Table 1 were 
taken from the following sources; Landolt- 
- Bérnstein’™® (30°—90°K), Jacobs and Parks? 


t 


SOR Le ite Se ate Re 


formula in Table 1 and.in Fig. 4. 0 
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On the Stark Effect of Helium in Strong Electric Field (II). 


By Seiichi SUEOKA and Masachiyo SATO. 
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To explain the resonance phenomena of the Stark lines of He atom, a 
general method, is found in the paper (I) to solve the secular equations, 
‘taking into account of the matrix elements between the states with different 

’ principal quantum numbers, ” and 7’. 


Along the line of this general method, we performed the numerical com-’ 


putations for the ‘ortho-helium in the case of n=6 and ’=7. Numerical 
tables and diagrams representing the rélations of the Stark energies and 
field strengthes are obtained for the respective values of magnetic quantum 
numbers, m=1, 2,3 and 4, From these results we find that the pair of 


11) P. RB, Wallace: Phys, Rev. 71 (1947); 622. 
706. 12) H. Broili, R. Glocker umd H. Kiessig: 
Ergebriisse der technischen Rontgenkunde IV. (1934), 4 


15) O. J. Jacobs and G. §. Parks: J. Am. Chana 


levels approaching nearest and repelling each other is as follows: 


repelling levels — m value 
683H—_73S 0 
SeH—7?P 1 
65H——78D 


§1. Introduction. 


The resonance phenomena of the Stark effect 
of helium atom in strong electric field have 
been attempted to be explained quantitatively 
by taking into account of -the interaction 
between the states with different principal 
quantum numbers, and actual calculations of 


energy difference 


field strength 
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11-0 301 
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paper, we shall extend the calculation to the 
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energy displacements for the states of »=6 _ 
and 7 by the same method 4s in (1). on 


§2. Calculations in the case of n=6, n=. 
The states to be considered in the case of 


n=6 and 7 for each given value of m are as 


the energy displacements due to the field have follows: 

been carried out for the case of m=4 and 5 in 
m=0 : 6S, 6P, 6D, 6F, 6G, 6H; 7S, 7P, 7D, 7F, 7G, 7H, v8 
m=1 6P, 6D, 6F, 6G, 6H; 7P, 7D, 7F, 7G, 7H, 71, 
m=2: 6D, 6F, 6G, 6H; 7D, 7F,.7G, 7H, 7, 
m=3 : 6F, 6G, 6H; 7F, 7G, 7H, 71, 
m=4 6G, 6H; 7G, 7H, 71; 


: » we neglect t the a state i in 1 the Hollow. following forms for respective values of | m. 
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ee 


"AS for the ‘numerical values ‘of ‘the. fake , Aum 3 ea m? Ae 765, 23: Tole 
integrals appearing in the matrix elements of» hie 35° L 6.2668, —66.408 | 
: Asm; those of the diagonal parts are — | i 16—m>f —40.249, 28.1187 
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Then ; ; 
i ty ve mee a ae 
AwF, 2 papers 0 0, 0. : 1 ste AF, 0, 0 
WAGE Bi! Auk 0, : 0) AnF, Es, Awk,0 || 
Oy Aur, Peau Or ete den SO Agr, BD) AGE Y) 


AnF, Ex AuF) 0 |’ 


*[fisuoncore Pisocnreceone) 


Piieue 1) fa Bie Rei rar, fi Ror RairyPdr : 


} 


. Bocad while. hoes of fe iacoral parts are The eigenvalues of the. above hypermat: ices 
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2 [Tm Tone —53. Bab P65 ad Ey! (7) and (8) in (I). The’ secular deter 
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; Biko: 0°322, é oti a Seid seg hvdeiec x 
“ity eciaees a 
15 €n=0. 073483, aie 
Irs ay 0°3685. 
oe ip following algebraic ates fs fe 3 = Veen 
Sarai by hagee cae the deter- esas xa 0.093685)". 


an. Gi m= £2, pray +00 sa 


m: 0, “pra@y oe a 
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x (A—0.0°3685)? ae ovis ; 
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Relation between 4 and F- for m=0. 


Putts necessary (a adopt. of the's ariation of energy aie to the increase- 


25 The results are > shown in’ the of the field is shown in the Fig. I. 


Table IL. 
102 ce, 10*F 
—0.20 — 4.6598 1.8672 1.4108 0.95054 0.57039 0.26844 
—0.18 — 4.4204 1.7513 1.2865 0.91283 ~ 0.51115 0.20581 
—0.16 4.1824 1.6266 » 1.1711 0.86951 0.45066 ~—0.. 12257 
—0.14 3.9456 1.5220 1.0338 0.82800 0.38997 eget 
—0.12 3.7098 1.4270 0.89012 0.78135 0.32896 eo 
—0.10. 3.4749 1.3394 0.77904 0.69220 0.26791 ae 
—0.08 3.2404 1.2575 0.72744 0.53635 0.20669 dauid 
—0.06- 3.0061 1.1799 0.68664 0.36640 0.14446 spp 
—0.04 2.7690 1.1049 (0.64801 0.20112 0.072240 . —— 
—0.02 206289) iA 0814s. 061023.; * @S071027 Se a 
—0.004 2.3293 0.97318 0.58272 0.15526 . 0:045967 0.011299 
oO” 2.2778. 0.95683 0.57256. 0.240286 0. . 0 
0.014. \» 2.0924 0.89852 0.54284 0.46688 0.096000 0.041853 
0.02 2.0054 0.86681 — 0.12812 0.058709 
0.024 | 1.9456 0.83713 «0.63408 «0.53443 (0.14860 0.069863 
Wada sialon Page ee eee 0.50226 0.22612: 0.11328 
0.05 — 1.3205 1.1026 0.91915 0.48310 0.27309 . 0.13989 
0.06 ee nee 0.82325 0.46542 0.31891 0.16627. « 
0.078 Re 0.74998 0.43102 0.40808 0.20804 
0.08 iG angali “WAY 0, 74968, 1 6.41681 | o. 41521 0.21849 
0.084 bree — 0372850.) =~ —_— 0.22906 
0.088 — ore 0.71483. 0.41873 0. 44397 0.23922 
0.10, pes se 0.67622 0.50357 0.39204 0.27108 
0.12 — ~ —- 0.61620 , 0.59401 0.359386 (0.32151 _ 
0.124 Pa TeS eee —— | —— 0.35986 0.32665 
POpT26 S : pos — 0.62414 | 0.59677 0.34862 ~—-0.. 38688 
TER 127 dee a ee eae —— > 0.65260 0.57942 © 0.35282 0.88740 
be a Repel pid ae 0.69145 0.55608 0.37309 0.32339 
0216. |, — —— 0.79036. 0:49919: 0.42481 0.28763" 
‘2 IPO LT6B bs Ne ats 0.83299 0.47449 0.44645 0. 27324 
p 0.18 Bera —— | 0.89775 0.47227 0.44589 0.25149. ~~ 
dy 0.20. ae ~~, -~1,0183. .. 0.52537. 0.38916, - 0.21460: . 
0.22 1.2839 — ee 0.57677. 0.33531 «0.17628 
oO 24 1.9720 — —— 0.62812 0.28297 0.13500 
ee Nod BG = 2.3092 1.2080 0.80195 0.68025 0.23120 0.086148 » 
Pin OL Qa? 2.5161. 1.3116 0. "71308 0.68704 ° 0.19587 — 
lS AB 29 2.60038. 1.3507 0.72925 0.57485 0.18073 — 
aE On 5 218734 1.4757 - 0.78084 — 0.39880. 0.13014 
SOE oL 8.1368 1.5948 0.83275 0.24142 0.079895. += —— 
2 OnR4 3.3958 1.7152 . 0.88461 0.10033 ‘0.042653  —— 
~ 0.36 3.6509 | 1.8368 0.93643 0.017588  ——~ ~ au 
Sse O:38% 3.9048 1.9597 0.98765 0.19748 0.081700 0.029905 
; 5 sO 40 4.1578 - 2.0842 1.0394 0.32598 . 0.10154 — 0.062648 
0.42 4.4105 2.2101. 1.0913 0.44761 0.15942 0.095729 
eae ee 4.6629 2.3374 1.1482 0.56461. 0.21249 0.12949 
10:46 8: 4.9153. 2.4661 1.1952. 0.67758 0.26390 0.16289 
“0.48 >. 5.1680 2.5962 1.2473 . @.78712- 0.31453 0.19608 
0:50. 5.4210 2.7281 1.2993 --0,36472 0.22905 
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2.3588 1.2777 0.90431 0.49863 
2.2378 1.2215 0.82164 0.45076 
2.1163 1.1666 0.73678 0.40178 
1.9934 1.1126 0.64985 0.35204 
1.8684 1.0598 0.55922 0.30128 
1.7364 1.0078 0.46626. 0.24916 
1.5960 0.95650 0.37016 0.19531 
1.4368 0.90549 0.27076 0.13811 
1.2339 0.85367 0.16750 0.068588 
0.90933 0.77151 0.070482 —— 
ATT FOB Of 0 
4.7661 0.72170 0.14458 Q.062173 
1.8557 0.67461 0.27082 0.12171 
1.4834 0.62986 0.40062 0.18133 
1.2787 0.58273 0.54250 0.24073 
1.2617 0.57796 0.55729 0.24687 . 
1.2450 6 i SS 2025287 
1.2287 0.58237 0.57374 0.25890 
1.2127 0.59955 0.56735 0.26490 
1.1207 0.69610 0.54013 ‘0.30115 
1.0426 0178725 0.51822 0.33151 
1.0059 0.83158 0.50958 0.34371 
0.94412 0.90211 0.50092 0.35589 
Seid) oh 0 99,.49707)0 QUBAIES 
—, —— 0.45648 .0.42090 
Rest DAU Si AB 1 0 dorhe 
au 065263 0.43065 
1.0129 0.94969 0.45954 0.42796 
1.1661 0.85214 0.48815 0.40938 
1.4298 0.73965 0.55070. 0 36832 
1.7627 0.63890 0.61884 0.32734 
1.9359 0.63244 0.61454 0.31094 
1.9847 0.64147 0.60301 0.30683 
2.2776 0.67502 0.55760 0.28623 
3.4559 0.74109 0.47077 0.24585 
—— - 0.80729 0.38769 0.20588 . 
——° 0.87347 0.30684 0.16654 
—— 0.94021 0.22699 0.12840, 
—— 11,0075 0.15325 :0.084868 
—— 1.0757 0.081062 0.031005 
—— 1.1449. 0.010555. —- 
1.2159 0.76176 0.050896 0.021708 
1.2941 1.0983 0.13158 0.059418 
1.4116 4.3006 0.20600 0.097072 
1.5925 1.3980 0.27534 0.13467 
1.7722 ‘1.4736 0.84129, 0.17221 
1.9408 1.5456 0.40553 0.20970. 
2.1005 1.6168 0.46974 0.24750 
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Table IIT. 


Relation between 4 and F’.for m=1. 


Table IV. 


Relation between 4 and F for m=2. 


10F 


4 
4.8149 2.0497 1.5213' 0.65695 
4.3300 1.7777. 1.3180 0.58728 © 
3.8530 1.5400 1.0694 0.41224 — 
3.6172 1.4371 0.92372 0.34752 
3.3833 1.3440 0.76418 0.28126 
3.1506 \1.2582 0.59172 0.21331 
2.9186 1.1789 0.40679 0.14868 
2.6856 1.1027 0.20872 0.072273 
2.4489 1.0303 0 0 
2.2083. 0.95958 0.23915 0.075862 — 
0.04 | 1.9290 0.88615 0.51221 0.15281 ~ 
0.05 | 1.7804. 0.83523 0.68821 0.19202 
0.052 1.7463 0.81214 0.73989 0.19994 
0,061) 96866. Yk aes ten eT 
0.066 | 1.4179 0.94141 0.90536 0.25480 
- 
0.068 | 1.3067. 1.1059 0.84576 0.26381 
0.08} ——' > <0, 78671 0.31259 
0.10 | \-——", ° ——) 0.72002. 0.89549) om 
0.125. | ,—- +" 064859: 0.50224 
0.192) —— . &. |) -0\62266 0.68202" = 
0:136'| —— — 0.61061 0.55075 
0.14: |) S30. 89777 O.660es ame 
0.142| —-  —— 0.58865 ‘0.58167 © | 
Oey ea ane pel ni ae en 
0.148; \—— + ——. 0.69937 0.58026 | 
0.15 | ——\. ——» - 0.60961. 0.57318 ‘A 
0.158 to — ——' , 0.64661 0.54925. 9 
0.165 | ——-  —— - 0.67855 0.62921 | 
0.18} —— +) 9.74800" (0)48608' Gem 
0.20 | —~ ——  0,84251 0.43183 | 
0:29." [) hath LE 9 gatas St ocerhoe 
0.24 | 1.4747 - 1.4987. 1.0656 0.32119. | 
0.244 | 1.7195 1.1656 1.1304 0.31443 
0.25 | 1.9086 ~~." “— 9: g9n68 
0.26 | 2.0956 1.0771 0.98897 0.27263 
0.27 | 2.2715 1.1574 0.88351 0.24673 
0.28 | 2.4315 1.2149 0.71850 0.22102 , 
0.30 | 2.7290 1.3222 0.62485 - 0.17007 
0.32 | 8.0100 1.4289 0.35573 0.11973 
0.34 | 3.2829 1.5363 0.20094 0.070087. 
0.86 | 3.5518 1.6454 0.055283 0.021035 
0.88 | 3.8167 1.7559 0.079104 0.028705 
0.40 | 4.0808 1.8681 0.21069 0.076923 
0.42 | 4.3436 1.9819 0.33673 0.12492 
0.44 | 4.6052 2.0987 0.45802 0.17261 
0.46 | 4.8614 2.2171 “0.57613 0.21994 | 
0.48 | 5.1300 2.3320 0.69074 0.26698 
0.50 | 5:3920 2.4514 0.80287 0.81374 
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Table V. 


Relations between 4 and F for m=8 and 4. 
secu 
1074 101F | 102A | 10°F 
~0.20 2.4174 0.94014 ~0.20 4.8757 1.7607 
-=0118 212962 0.85825 -0:18 |. 4/6199 1.6135 
~0.16 21758 0.77424 0.16 413679 1.4617 
~0114 210542 0.68790 =0.14.° | 4.1196 113047 
=0.12 1.9322 0.59905 ~0112 318757 | 1.1420 
hog ay 1.8080 0.50745 Pee AO 1a S.8868, 0. 97960 
: ~0.08 1.6788 0.41289 ~0.08 3.4015 0.79640 
~0.06 15390 0.31513 0.06  BLI715 0.61206 
0.04 113738 (0.21393 = 0.04 219457 0.41879 
0.02 1.1301 0.10899 ~0.02 217238 0.21538 
, 0.01 _ 0.90858 0.055020 0 2.5040 0 
0 SG 0 0.02 212833 0.23046 
0.017494 C~) 0.098938 0.04 2.0549 . - 0.48249 
0.02 3.8268 0.11347 0.06 1.7980 0.77726 
0.04 1.6821 . 0.23170 0.068 16703 0.92361 
06/2 1.3910 0.85556 0.072 1.5911 11,0129 
0.08 1.2936 0.48596 0.076 1/4880 1.1817 
0.10 10984 «0.62494 0.08 ina eos 
0.12 0.97399 0.77956 0.10 ena ae 
0.14 eee Beas 0.20 a wie 
0:16. 1.0736. .0.81386. 0,200 | 1.7488 1.4498 
0.18 1.2718 - 0.71893 0,212 1.9323 1.2964 
0.20 4978 —0.63284 0.22 2.1052 «1.1717 
0,22 1.7786 0.54985. | (0:24 - 24524-94048 
0.24 2.176, | 0.47022 |. 018 - 2\7611 0.77140 
0.06. > ocaza7. “0.90987. 0.28 3.0560 . 0.61223 
0.28 5.5258 0.81734 0.30 3.3446 0.46392 
‘ 0.28701 Co)! 0.20188 0.32 3.6299 0.32284 
“0.80 Sa 39 2as6e 0.34 3.9187. 0.18694 
0.32 SY 2 Son R7009 0.36 4.1968 0.05505 
0.84.» — 9.099695 0.38 4.4795 0.07906 
0.36 Be 0.028484 0.40 | 4.7624 0.19979 
\ 0.38 0.76283 0.039793 » 0.42 6.0454 032369 
0.39 1.0204 0.074109, | ~—s0. 44 5.3287 | 0.44575 
0.40 1.2128 0.10828 0.46 5.6120 0.56622 
é 0.42 1.5081 0.17589 - 10.48 5.8962 0.68533 
0.44 1.7434. 0.24988 0.50 6.1806 0.80320 
+ 0.46 1.9472 0.80924 
0.48 2.1319. 0.37504. 
- 0150 2'3042 0.44033, 
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_As ‘the results. of our. couleiiations | in 1 82, the 
nergy differences and the field strengthes 
vhere the: repelling pairs of levels approach 
earest. causing resonance, are obtained ap- 


adopt the: practical units instead of atomic 
pate) Sieve 


{>i}, 


_ “repelling ae “resonance field approximate _ 
Bhi: of levels -} > strength. . |min. energy dif- 
as BME holvaty ( ky/enn) | ference (em=!) 
= “GETS, a sone ea 6.6 
> 6Gy-6H, .|  —-216- 15.4 
—- 7Ss—7P5 | 236° ns ade 
6Fy—6Gy 277 18,05 
ROT Top che BIS ae 828.0% 
ee a eM Sua 
oo : " isa eee Re Siar 
BHP 226 (6.6 
— 6G;-6H, | > 295 6.6. 
7 PTD 6 321 8.8 
© BF, 6G,. ~ 410 43.9 
AEE 6H, iP, ~ 490 68.1, 
3 a  (Hy-1Ds 301 1F.0%" 
6G2—6 He Sx 41.7 
- TDy-7P OD 41.7 
or 6Hy—6Fs 2 462. 59.3. 
pes er a 285.0 
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“The numerous | phomburaphi cepa resonance 
are ‘obtained by Ne Ishida, but there is few 
results which are analysed. As an example, 
we would take the case, 6'P, 7 21P and 7D, 

> 21P yo 


In this case, the resonance field 


Deco: is 165 kv/em~171 Re and the min. on 


difference ‘between ortho- and parhelium is not rt 


roximately from Fig. I as follows. (Here we | 


“make the qualitative comparison between them. _ 
Taking the converted order of P state of — 


values, 236kv/em and 13.2cm-! for the re- 


the experimental values, 165~171 kv/em. fe: 
~31.8cm~-" of the resonance 6P,—7!Dy. 
must be. satisfied with such ee ae 


_ thanks to Prof. T. Yamanouchi for his kind 


Prof. H. Kubota for his “kind advices. 
authors are also indebted to Mr. J. Miida an 
’ Miss. I. Ota for their assistance in numeric 
computations. 


. Hereafter this is denoted as (1). 


Liwm ee Field aD. i 


energy difference is about 31.8cm7!. The 
so important for. strong ‘field, except for the mF 
small variations of the starting values (for zero 
field ) and the-converted level order of parhelium se 
(P level). Therefore, it may be allowed to. 


parhelium into account, we should correspond ~— 
the resonance 6'Po—7"Do to the resonance 7*S) 
—7°Po, if we presume that the first resonance ones 
between 6!P,—71S, arises in very approached 
point and thus is perhaps observed as if the i 
lines cross each other. Thus the numerical. 3 


sonance 73S,—7°P, are to be compared with 


parison. 
In conclusion, the authors wish their hearty 


encouragement and valuable advices and. to 
The 


References. 


‘if 


1) .S. Sueoka: J. Phys, a er 5 (4950), 2 


2) Y-. Ishida: Sc. Pap. I. Pp. C. R., 14 ‘cass0), 
AD ; 
3) J. S. Foster: Proc. Roy. Sco, London, 117 


(1928), 137. Ph, 


On ‘het 


“Fuchs-Frobenius Normal Porn 


vii > ~ et 


By M. Z. V. KRAYWOBLOCKL. eh Pak 


“University of Minois, Urbana, Minois. ue s 5 a ae bo oe 
ake March 16 ae bate a ay er se gh 


ae) 


ne M rs 


pplicatin pe ‘classical a boiateal Coiba one blaine’. ATi GR 
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: 2. Tr nisform ti Chi 
| limited: number § Yer ae ation of Cl apl gin’ 


is wn ‘solutions Oe Chant 
in from of  bupetee aba seri 


| ate =dn/de= “700 oy, 


} a 
‘ : Fea K te Adee 


“@=2q-1)-ah— -@), ake 
he ‘anda a denotes. ‘the ree 0 

q the velocity of compressible fluid flow, 
le subscript 0 the conditions at rest. Tee i 
y Of. flow into’ a vacuum is given he 


en —1)*4o§= 2808, = (p1)7? 


the generalized Bernoulli at ‘equation is y 


aoe fo "dp 0. 


. Po. SeLy " ; 

The ae relations are “knowns: Sue te hn 

ROD: = #r—Detag Me ce = of "pc 
Ga) ostot= 1 #7 —Dgae?. ONG aH ‘ Ms e ious ae Ors. — rs 
T=PGn', then from Kon and Ga) one §3. ‘Soluti tioa of the 


pate 
ue =(1- “er, 


igularity where oR nities ‘Ss Peontiiine are 
satisfied, and {Pi(t)}, i=1, 2, are holomorphic . 
LUG. =0, To obtain the formal solution i in power 
series we introduce the operator 6=rD, so that 


written in ‘the form. 

a3) F(, px BY + Q()0¥ + Q.¥.=0, 

7 R=; 2,. 
“where ata Sees ; 

‘ i Ba). a Q,= cet ‘ =P. 

For Uindtrative purposes take the fixed value 


“of k. Then the coefficients (P;) and (Q;) are. 


mutually expressible as linear functions of one 
-another with constant coefficients, so that both 
sets are holomorphic together. Expand the 
pevetlicienes in Mac-Laurin series: 


14) Oe)= BHQue!, ee 
and write 
» (l4a) ee rs D+ Qo 5 


then (13) may now be written © 
(5) Rte, Y= = OY = 0, 

and on substituting as a trial regular. solution. 
(Ba) Vera ten tet...) ee 

“we obtain after some. transformations , [3, :D. 


€2) Sea te 
a8) FG,DY= Se. a SS 
ee SMa ebrigl Og 
This vanishes identically if each coefficient 
is zero, Or if. ) ‘satisfy the relation 


~ (6a). r= FyrCet Na= 0, (m= 0, 1, 2, SEA 


‘We may. chose ‘Co+0, satisfying certain given 
ratist ‘conditions and every subsequent 


coefficient (a) is then uniquely determined. . If 


+0, -€ must bea root (known as an exponent 

es ‘the rele), of the indicial equation — 
aoe bane Fy = €2 2+ QroE + Qo =0 - 
be st or more details of the convergence: see [3, 


p. 62]. Since t=1 is another singularity (9), 
ae conver gence : Bee o O<c<is; 


ve ‘Pressure Coefficient. sala hee git 
From (6) “one CORED e= Day ee o Pes 
=pd— ‘teo)®, where the subscript co denotes 

the conditions at infinity. Since Too = GeFin and 


1 


‘ike ‘Ss Equation Into Fuchs-Protenius Normal 1 Form cea 


. gets 


2D? =d(0~ “1) [3, p\ 26] and. a may be. 


'can represent the pressure coefficient, defined 
as Cy= (P— Pwo) Ck Pog.) ~1 in the form 


nae is in full agreement with the result 


gins, Equation by means of Kummer’s Formul 
sre Proceedings of the Midwestern Conferences on ‘Flu 


Brothers, Ann Arbor, Michigan. 


“Trans, Am. Soc. Mech. Engr., 16 (1949), PP- 123- 


Ci 4 
i 
ne 


tL ied a,"=const., fe comparison one ah 


(18) 0 = Poo Gyaen1)®(1—1)?. 

From. Bernoulli’s equation, written in the - as 
form gdq+e~*dp=0, with qdq=4q?,dr, and with 
the use of (3) and (18) one, obtains after inte- 
grating 

(19) P= Panaie*Pas? (1—r)*+1+-const. 

Since for conditions at’ rest- we must have © 
P= Po. P=Po, T=0, equations (19) and (18) give — 
pox 1 "Pee a8 g— ?? 4+ const. =7 "Poa + const. e, 
which means that the constant of integration 
must be equal to zero. For p=p., T=T», one — 
Rasa: SCS Geo) toe Ay Pt) s) and Poo 
=7"Pxdeo, which is correct. Using (19) we 


err ee 


(20) Cy=271M2 (Cava!) "—2)"— tah 
(20a) Me = ga SO Pr ky 

or by means of (18) ; 
QL) Cy=2y-'Mzl (pap) 7-1). 
*Fon the: ‘conditions assumed by ae : 


Karman-Tsien, ‘and others, one has ‘p= eae 2 
r= J and from (21) 


32) Cp=2Mtd— p67) oy Ae 


panes Es those investigators. 


x 
yak at 
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“Oe me Plastic Deformation of Coppe Single “rysta 
| | Part 1. Two Stages i in the Progress of Deformation. 


By Hiroki KANZAKL 
 lotitate of Fodicdtriad Science, University of Tokyo, ‘Chiba. - 
(Read: November 5, 1950; Received April 16, 1951) tas, : Gus 


' The stress-strain curves of. copper snake crystals: have hedns obtained at : 
room temperature, ‘When the resolved shear strain reaches about 20 ‘per-- ; 
: cent, the oe increases rather rapidly — with increasing - ‘strain and thus * 
the’ progress of deformation is found to be made of two stages. 2 This change - 
_ in the nature of work-hardening may be explained from the view of the 
ahs presence of two types of strains inside work-hardened metals that has been 
~ discussed in the previous paper (J. Phys. Soc. Japan 6 (1951) 90). at 
_ this view is correct, the number of stopped _ dislocations i is isa ante to show 
xa increase in the Send BRACe of ‘deformation. 


Cyn AL and Ag, eset ‘small. 2 . 
Ns he hocnitaud specific heat. due to re- 
0 ery. is composed of two stages, and then ‘tion ina! sbstintant ‘betes 
CO clud gz that the: two Processes observed in cluding their i interaction with osaic 
e 3 
of ‘strains in ‘the a eieregea metals, _ “effect: Ne “for Passage ae dislocati 
» C1) the lattice distortion, and (2) the as it were, ‘ “co-operatively ”” 
| ; eee. larger strains (the - Aes ‘second stag 
also. noticed that. Trot the eiandpoint mation) the number of sto 
ation theory, the strain of the first type. may show | remarkable. increase. 
w strain refered. to the ‘presence: of dis- tis. conceivable that — - the e rate 
i location lines themselves, and that of the: ‘second ‘increases rapidly a ‘this stage. a 
the local strain due to the * ‘stopped — The. ‘cliffculties i in ‘the Passage of d 
ae by Burgers.” ene % cb i 
et rogeneous property of strain-harden-_ to the development of ‘he V 
coms to coincide | with the experimental — 
i | aa pe - sufficiently homogeneous 
tly, Kocher lard ‘Blewitt® gave atten- tion theory. can be app e 
to “change i in the nature of work-harden- __ In the present paper, 
ing at small strains.’? From the experimental on the plastic defo 
esults by Heidenreich and Shockley” and so -erystals : are described. a 
ey find that for small strains the. distor- the view described above, 
is confined to the vicinity of the slip bands the stress-strain. rv 
d for larger strains, where the rate of shar-— specific heat due ‘to rec 
ng increases, the strains become more. "vestigated. "Several ; 
omogeneously distributed. ee i » the ne two. Stages” she of JE 
ae According to writer’s point of view, ‘the Ae Oe Ray EL APT 
tages of deformation noticed by Koehler and 82. Preparation of 5 
lewitt may be explained by the presence of 
two types of strains in the cold-worked metals. 
For small strains (will be called as the rw first 


f oe ee ‘crucibles the | effect of 
oxidation was reduced. sufficiently for. our pur- 
pose. 
determined | by the light rae method im- 
proved by. Yamamoto. 6) 

In order to obtain several ean with same 
crystal orientation, each of these crystals was 
carefully cut to five or Six specimens of about 
10mm high, and. then f compressed, by the test- 
ny: ing machine. 


33, ‘Stress vs. _ Strain. Curve. 


The deformation of. crystals” was measured 
Erith: accuracy of 2x10-*mm with the usual 


2 _ sensitivity of about 2x10-+. ; 
The resolved shear stress vs., shear curve 
‘was obtained from load vs. deformation curve 
"according to Taylor’ 's method.” The curve 
anit in the compression. test at room tem- 
peor. are) is shown in Fi ig. he tu 


A 


wwe 
“0.05 


mn KG 


SHEAR STRESS T KG/HM® 


ae ae el 


ie 


Sean 


hike rie. 1 @ Reehed hoe ‘stress r VS. 

; shear 8 curve for copper single crystal 

i . deformed at room temperature, _ 
(pb) Shear stress 7 vs. (4s/4r) curve — 

f ‘ealeulated from Fig. as @. “5 ‘ 


ar Taylor. has pointed ‘out ‘that in aluminum 

; -_ crystals the stress-strain diagram can be fitted 
with parabolic _ curve corresponding _ to the 
peauation Pe eT Lr eg 2 i 

ae Sige Digs ae . 


a. 


“where iy is S the | shear strain, t is the resolved 


cPhe" orientation of thesé. crystals was The 't vs. 


Bort gauge and this corresponds to the strain 


‘the ‘ 


nf path in the second stage must be shorter than 
that in the first stage of deformation. 


os the value of L is found to be | ese 


EEN 68% 10-4 cm for the spend stage. 


é 90. 


ston ok 
eo Rd ks Suzuki: Sci. Rep. ‘RITU. A 1 Cisey. 19 
4) J. 8. Koehler and T. H. p aeiat Phys. Bere 
75 (1949) 1952. 7 


Conference . on the 


29 (1941) 113. 


_ 16, 39. 
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ree stress and @ is a constant. ve 
irom equation (1) we get. 
ds/dz = 2at LO fs 


- and this equation can be used to judge whether fae 


T—S curve can ‘be fitted with parabola or not. 
(As/Ar) diagram computed from 
Fig., 1 (a) is shown in Fig. 1 (b).” This. _ 
diagram shows a kink near the strain s=0.2. 
The kink should correspond to the transition 
from the first stage of deformation to the second : 
stage as noted in § 1: a 
For the first stage, the constant @ is found — 
to be 
Qe. 82x 10- # (cm2/dyne)? 
and for the-second stage a 
/ @2=0.31X10-" (cm?/dyne)*.- 
According to Taylor’s theory of work-harden- 
ing, constant @ in equation (1) is expressed as 
a=(1/R?G*)(L/A) 3) 
where Risa constant, G is the rigidity ‘modu- 
lus, and A is the distance of slip produced by 
passage of one dislocation through a. crystal. 
The quantity Z in equation (3) may be called _ 
‘mean free path” of dislocation line and 
from the results described above, this mean free- 


Using the value of k=0.2 after "Tavion 


bys" 84x 10- “cm for the first stage, an 
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-On the Plastic Deformation of Copper Single Crystals. 
Part 2. Recovery Process and Mean Length of Dislocations. 


By Hiroshi KANZAKI. | 
Institute of Industrial Science, University of Tokyo, Chiba. 
(Read November 5, 1950; Recieved April 16, 1951) 


- The anomalous specific heat due to recovery from strain hardening has 
been measured on the single crystals of copper deformed at various temper- 
atures. The apparatus for specific heat measurement is that of Nagasaki 
and Takagi. 3 
(1) The maximum value of the energy stored during deformation at room é 
temperature is found to be 0.1 cal per gram. ; ‘. 
(2) The-energy released in the second valley of the specific heat anomaly * FE ; 
(the energy accompanied with stopped dislocations) shows rapid increase e 2 
when the resolved strain exceeds 25 percent. Ps 
(3) The recoverying temperature takes the maximum yalue when the 
resolved strain is about 25 percent. 

Sie (4). The crystals. deformed at -—180°C and —80°C recover sometimes ~ 

- below the room temperature. Results of (3), and (4) may be explained by 

aes ‘ taking account: of the\length of dislocation lines. 1 aa | 

kaye (5) ‘The density of dislocations is calculated from the dependency. of re- ohn Sore 
coverying rate upon the degree of hardening. The obtammed value of the 
separation distance of dislocations is about 200 A and shows good agree- 
ment with the results obtained by electron microscope. 


apt ER 


we Cucee kp 


ee eee 


certain constant term to the anecific heute 

In this way, working of samples (as shown 
in Fig. 1 (a) drilling was unavoidable in the — 
Nagasaki-Takagi method) has been made un- 
necessary and we can begin the specific heat” 
measurement immediately after samples are 


 §1. Measurement of the Specific Heat. 


The apparatus for specific heat measurement 
i was that of Nagasaki and Takagi,” but the 


= = 


‘enemies oe aS SAE IAAT ENS Fr 


Pia) © Spelinen asad ide taken out from the testing machine; it took - 
sneditic heat sedavenadat: about twenty minutes at most for us to arrange 
the set for specific heat measurement. 
Ne (a) Specimen used in the eh 
Nagasaki-Takagi Wa Roget : ) 
ee ey 3 ag* §2. Energy Released during Recovery 
Process for Crystals aerormed at 
(b) Specimen used in our — ' Room Temperature. 
a) ) experiment, 


Specific heat of cold-worked orvetala was 
measured while’ heated at constant heating b } 
velocity of about 1°C per minute. Fig. 2 shows — 
representative “specific heat vs. temperature ; é ! 


shape of specimen was slightly i eagh as 
follows. 


_ Fig. 1 (a) shows the shape ere has 
> used in Nagasaki-Takagi method. Fig. 1 (b) 
_ shows the specimen used in our expériment 
and it' is made up of two parts; the upper 
part is a copper single crystal subjected to 
cold-working and the lower part is made of 
thoroughly annealed silver. The lower part is 
necessary for the insertion of thermocouples 
-and a heater (to give constant wattage to. 


specimen) and this part always contributes 4 t wo stages and this result coincides eek that 
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curves for crystals compressed at room tem- — 
perature. The white circles in these curves — 
show the results in the first heating’ 1 measure- : : 
ments, the black circles show those in the _ 
second heating. measurements, and so the dif. | 
ference between these two-curves corresponds 7 
to the anomalous specific heat due to ceca 
from  strain-hardening. 


(1) Anomalous specific heat sated chipaese of! 


| oe HEAT CAL/G/C 


oe. 
_TERPERATURE, ° 


i "Specific heat vs. temperature 
curves. for copper single cry- 

_ Stals deformed’ at room tem-— 

‘. perature. pet 


Fig. 2 


F obtaiica for polycrystalline copper F reported in 
the previous paper.” 

ay The value of energy paledsod! in ita 
1) first stage of recovery process W, and that 


Me PT ae 


from specific heat curves and plotted against 
shear strain o in 1 Fi ae Bs 7 


ica crane e “oc Taae 05 06 07 08 
PM ur Eee _ SHEAR STRAIN a 


. “Og. 8: ‘ulead energy ‘YS. shear sirain 8. 
Wi; Energy released in the first stage of recovery. 
Wz; Energy : released in the second stage of recovery. 

Wes rss enery released in the recovery process. 


S CPiese | curves” aa the first kink near the 


strain S= 0.3 and the second kink near s=0.5. 


The first kink in Fig. 3 probably corresponds 

to the kink in t vs. (4s/4r) diagram (Fig. 1 
_(b) of Part 1). It is noticeable that the energy 
_ Wz shows rapid increase in the second stage of 
hardening. as result favors with the view 


tion of ae Single Crystals 2.0 oe, 


. formed to s=0.5 recovers near room tempera- 
ture: 


released in the second stage Wz. were computed | 


. the formula to give the reaction rate of re- 


. of the. degree of hardening. The equation. a 
expresses that the recoverying temperature 
comes lower with the progress of deformatic 


‘authors in the case of polycrystalline metals.>* 


ee ee 


4 


presented in §1 of Part 1, becarse the energy — a 


W: may be the strain energy accompanied by — 


_ the local déformation due to stopped dislo-, ey 
cations,” Ret: 


As can be seen in Fig. 2, the oryaraiiaae “3 


It seems natural that the origin of the 
second kink in Fig. 3 is the “self recovery”? | 
of deformed crystals. | 

(3) It is interesting to note that the maxi+ 
mum value of the energy stored during strain 
hardening is 0.1 cal. per gram at most. ‘This | 
value is only one fifth that of polycrystalline, 
copper 0.5 cal. per earn 2)8) 


Sc3s Progress of Detonation Ba Rate et 

of Recovery. 

1. Crystals deformed at Room + — 
pen Der atare: pe 


It was found that the recoverying tempera-_ 
ture depended upon the crystal orientation as- 
well as on the magnitude of subjected Strain. 
The writer, however; can not yet give z ny 
conclusion upon this dependency on the erysta 
orientation, and only the dependency’ on th 
strain magnitude will be discussed here. 

In the previous paper, the writer presented 


covery process.» From the ‘results . obtained 
there, the dependency of recoverying rate s . 
on the degree of strain-hardening is expressed 
by 

Ke A exp (nW/RT) 


ce 


es: 
where ” is the energy concentration factor, 
W is the energy released in the recover, 
process and A isa constant almost independen 


This result has been ascertained by severa 


Lhe dependency of recoverying temperature 
on the magnitude of strain follows equation 
(1) in the second stage of deformation, but 
does not in the first stage. 

This new type of dependency in hes first oh 
stage was investigated using several specimens 
with the same crystal orientation. These 
specimens were cut from the same single cry- . Ff 
stal the orientation of which was selected so 
as to avoid multiple slip in the first stage of — 
deformation. 


ty 
pest 
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Fig. 4 shows the specific heat vs. tempera- 


ture curves for these specimens subjected to 
different degree of deformation and Fig. 5 
shows the dependency of recoverying tempera- 
ture (temperature at which the first valley of 
the specific heat is observed) on the magnitude 
of the strain. In these specific heat measure- 
ments the heating velocity was kept always 
constant and, therefore, the appearance: of the 
Maximum recoverying temperattre in Fig. 5 
means the appearance of the minimum re- 
coverying rate. This minimum of the recovery- 
ing rate also coincides with the transition 


from the first stage of deformation to the 


second. 
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iad 
b- 
=) 

v a 
Tel 

50 400 
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Fig. 4. Specific heat ‘vs. temperature curves for 


copper single crystals with the same 
crystal, orientation that were given 
_ different degree of deformation. 


This result may be explained in a qualita- 
tive way with the following assumptions. 

In the first stage of deformation, where 
interaction between dislocations is not yet re- 


_markable, the dislocations will increase their 


lengths with their passage through crystal and 


’ the mean length of dislocations will increase as 


the deformation proceeds. 

If dislocations are long, running through many 
mosaic blocks, their natural rate of diffusion 
will be correspondingly decreased and the rais- 
ing of recoverying temperature with strain 


‘may be expected in this first stage of defor- 


mation. 

At the end of the first stage the mean length 
of dislocations will show the tendency to 
Saturate and, afterwards, owing to appearance 


150 
Fig. 5.. Recoverying ; 
temperature vs. shear ; 
Hb) Strain for crystals — 
P subjected to small — 
= strains at room tem- é 
a perature (for crystals. ~ 
100 See ae 
oe shown in Fig. 4). : 
wey . 
S 3 
nd a 
a f 
a : 


0 Of 02 03 04 05 4 
SHEAR STRAIN 3 


of large interior stress in the domains travers— 
ed by dislocations, they may be‘ stopped.’’” 
This corresponds to the , transition from the 
first stage to the second stage. ‘ 

In the second stage of deformation the pro- 
gress of hardening may be approximated by ; 
Taylor’s theory, because the deformation be-. 
comes sufficiently homogeneous in this stage. ‘ 
This hardening process in the second stage 
seems to predominate in the deformation of © * 
polycrystalline metals, owing to the action of. A 
dislocations of the grain boundary and the 
interaction of deformations in the’ differently © 
oriented grains. 

The recoverying rate in the second taped 
will be discussed in § 4 using the formula pre- { 
sented in the previous paper. 


2: Crystals deformed below Room. ~ 
Temperature. 


Several crystals. were compressed below 
room temperature; some of them at —80°C _ 
(using dry-ice and ethyl alcohol) and some of © 
them at —180°C (using liquid oxygen). After 
being compressed at these temperatures, specific . 
heat measurement of these crystals was started 
from room temperature. — q 

This. experimental procedure has proved a 

t~ 
ity 


failure, because in many cases recovery had 
been finished below. room temperature. 
proved necessary to start specific heat ‘measure- 
ment from the temperatufe at which crystals 
were deformed. 4 
4 


ye 


In a few cases, however, ‘bie + dpbitie heed 
"anomaly due to recovery was observed near 
room temperature and such results are illust— 
rated in Fig. 6. : 

It seems certain that the dapoversang a 
perature of crystal deformed at 2 room tem= 


i fi : “awh 


=3°0) 


i 


pad 03 DER A AT 


0-2. 2.50 A0O 
TEMPERATURE °C 


Fig. . _ Specific teas VS. temperature curves 
® . for copper single . crystals ‘deformed 
oF Ne below room temperature. : bs 


‘perature is eee than that of crystal deformed 
. This fact coincides with’ 


at room temperature. | 
the result obtained te Paterson and Orowan.” 
At low temperature, temperature fluctantions 
will not be sufficient to allow the dislocations 
: to elongate. The low recoverying temperature 
of crystal deformed at low temperature may be 
3 ascribed to the short length of dislocations in it. 


ae ‘Rate “of Fars and Dieibestions in . 


Cold Worked Copper Single Crystais. 
According to the Eyring’ s reaction rate theory 
the writer gave the formula to give the re- 
_ coverying rate in the ‘previous. paper.» The 
value of the “‘ energy concentration factor ’’ ” 
in equation 5) will be derived from the specific 


- heat data for samples deformed to the ‘second — 


” stage of deformation. 

As we are concerned only with the first 
stage of recovery, process,” the value of energy 
Win equation (1) is that released in the first 

. valley of specific heat anomaly. 
Two crystals with the same’ crystal Grier 
‘tion were compressed at- room temperature. 

One of ans was deformed to the shear 


* ‘strain $1 =0.37 
. and the other was deformed oe 
a petite?) ¢ | Se=0. 48. 


Specific heat. vs. temperature curves for these 
“erst are shown in Fig. 2 (a).and.2 -(¢).° 
. The. value. of energy released in the first 
t “recovery process W, was found to be 
Wu=0. 019 cal per gram, 


and Was=0. 089. cal per gram. 


two dimensional expression. 
‘we shall express the energy of cold-worked ae 


n can be given by - 


This value of @ is in satisfactory agreement 


Physics Japan 17 (1948) 104. 
2) H. Kanzaki: J. 


“Gonierence on the Strength of Solids, Phys. Soe. 


459 . 
‘The recoverying temperature de Genpentiee 
at which the first minimum of the specific: 
heat was observed) was 
T,=488K 
F5= 325K 4 Se 
The rate of recovery « must be equal at the 
temperature T; and 7,. Thus the value of 1 ae 
is determined as beh 
ah n=407. pees 
Koehler™ proposed model of the dislocation js 


centre as a circular region of radius 7 in ‘the e Be 
Using this model, | 


and 


metal as concentrated in these circular regions. 
If a is the separation distance of dislocations. 
in the dislocation lattice by Hechler, the factor 


R= @/RTs an 
ee 


Using Koehler’ s results 7) =6. 1p: A, we have 
a= 220A. ei! 


with the thickness of glide laminae about 200 KE 
observed in the electron microscope image by 
Heidenreich and Shockley,” and Brown.’ > ts Ps 

In conclusion the writer expresses his sincer 
thanks to Dr. py Tani for his valuable sugges 
tions in the course of this work. This study 
was helped. by the research grant ae from 
the Ministry of Education. 
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Application of the: othsoey of Supersonic | Flow to 


 Isostatical Problem i in the Theory of Plasticity. 
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Since the fanheehceal earitien of the saihtitmenerem! isostatical problem 
in the theory ‘of plasticity is the partial differential equation « of the hyper- 
“polic type, it may be solved by the method of characteristics, which has 
been effectively ‘cused. in the mechanics of compressible fluid. ° ¥ 1s 
In this paper the author discusses the analogy between the Bane flow 
; pha the supersonic flow, by introducing the, hypothetical fluid which - has | 
) the. special type of pressure-density relation p/log p= ‘constant and. all. the | f 
game local Mach number | nh 2 throughout it, and shows that the slip-lines, 
_ Asostaties and boundary curves in the plastic flow correspond to respectively 
Hi “Mach jines, stream lines and shock waves in the supersonic flow. a eine oy ie 
_ By considering the stress plane similar to the hodograph plane Wane cae 
F) supersonic fluid flow, the nonlinear problem’ of the plastic flow is Tincarized os) 
and the new Plastic state of stress ‘is Gain by saat pny alte of particular — He 
_ solutions. fe Ki isa ip chants 
The case of simple waves is ahead in detail for the, paste flow as 
: “yell as for the flow of hypothetioal fee here iaipomsed. 


i Hee me : t 4 ara A athe, "stream. ‘ines aa ‘bounding a 
ce Miceve rah: Yea at erg © as will, be shown 


sntiy the “mechanics of compressible articles. Fel te ie a at 


A ABS 


established using the . ee Designating by a: and aythe normal 


Gen}, ¥ 


v pe vy tention t to one Sortie other Soniinen - shearitf iconaa: ig. 1 ti 
ineering problems, i.e, the two-dimensional pathos take ‘the forms: : 
proven in the sages of plasticity. "ie toa naid GR SS 


= ve “i ecuations ae ie me 


jum and the yield coridition ae mauetatht 
astic materials, when we restrict ourselves W at 
two-dimensional problems - assuming that the 
terials flow in planes parallel to’ the by RG 
pl. ne. The partial differential equations obtain-— 

in this case are those of the hyperbolic. sh 
pe and are able to be treated in the similar ‘con 


ve AK eae 
way to the case of the supersonic flow, slip-. * Gare must be. taken tha 
ines peseqroniiig to Mach lines, isostatics to Bs to the eC. 


C3) 
here E has the constant Pie “whenever we 
use the theory of constant energy of distortion 
‘or the maximum shear theory. Substituting 
‘the derivative of o, with respect to y obtained 


‘by differentiating Eq. (8) into Eq. (2), the 
fundamental equations for the stresses become: 


Oon be Oty ny , 
va he Te Ne 
ne Ore. 
e Ge 95) os + At ry ca 


(5) 


_ On the other hand, if we consider the two- 
Aiicdonal. irrotational and ‘stationary flow of 
‘non-viscous compressible fluids, we have the. 
fundamental | equations corresponding. to Eqs. 
saad and ee as follows: ' 


+ ya) B=. 


Ov. du 
“Ox Cae a) 
a re, du ‘ei 
ae hips ROR SAAN ees 22, Mig NVC A 
. ce ue ce 2uv-- mae =) 0, 
gi 2); 


where u ee v are fie z-. and a components 
e OF: the fluid velocity respectively, Cc being the 
4 local velocity of sound. 
Bi: Here we make one aeapean that in. our 
fluid the adiabatic law does not hold, but the. 
" pressure-density relation is given by 
p/log e=constant. aay 
‘The local velocity of ' sound and Bernoulli’ s 
: exmabon - such a “fluid take the form: 


oe Fy ae 
and so if we aileae the local Mach number to. 
be aie. at. arbitrary place in this fluid, it will 
_ be maintained throughout the Audie; 


ex dase ay 


1 
é pet v) —C= constant, 


wen @) 

f Satacitucing tits valtie of ¢ e, into oe (2’), we 
cs Echos. 
‘A Co 


as +2) 5p Oh 


(5) . 
“The econ: ae ‘partial differential equations 
: ihows that the characteristic equations for the 

_ simultaneous partial differential equations (4) 
and @) are BED By tye! 
. 3 Oy 2 Lay) Or 


ewitile 2s 
we Pigs ty 


Tee 
¥ t 


(6) 


Flow and Supersonic Flow 


can discuss the state of stresses by solving 
Eqs. (6)~(9) instead of grappling with Eqs. 


supersonic flow governed by Aas. 
He 2 are pike by 


on { the u, v or hodograph plane, where a al 


‘Wht try) OL 


oy i ie ener 
% eV Nan neue Tea he 
on the physical ‘x, fy plane, while they are 
given by ; aie ie, 
: OTH “itt Ox—Oy OGn " ? = 
it cGu aha) a a. 
~-and © . 
One, oy Ox— Oy 00. 
Big? OB 2h eng) OB: (9) 


on the tz,, dz or stress plane, where @ and eo 
are the parameters of the characteristics. | We 


(1)~(3) or with Eqs. (4) and (5). 
- Similarly the characteristic equations forthe 
hei an 


OY. ered bx 


; aa 0a u-v da " © 
and — 
Co: dy v-u 0X 
: es u+v 0B 


| p. i Signal : 
| a auto da | 
and i i ee 
Deli via Mra bu “webo ap! bea 
HEN asp aa ge Ue 


& are the parameters of the characteristics. 
iE rom Eqs. (6)~(9) we have me, relations 


Oy Oy Ox' OT _ 
da 08 \0a OB, 
00,002 , Otry Oxy 
Ga 0B Ow OB’ 
Oy Oox . OL OTry Oe 
“6a 0B” ba OB’ 
Oy O04, O% Dray _ 
OR Ca OB 0a) 2 
and from Eqs. (6) ~(9/): 
Oy Oy , Or Ox 
“Oa 08 Oa 08 in 
dv Ov , Ou Ou _ 
6a OB Oa. OB 
Oy Ov , Or Ou a 
da 0B Oa 6B ; 
AD LON Oe ee > 
“68 0a 08 0a ; 


Therefore, the curves C+ and C— and also the 
curves J’-- and I’— intersect orthogonally, and 


if the stress plane and the physical plane of 
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the plastic flow and the hodograph plane and 
the physical plane of the supersonic flow are 
superposed one upon another in the same plane 
the characteristics C+ and C— coincide with 
I*+ and I’— respectively. 
§3. At this stage we must remark that the 
‘characteristics C+ and C— in the physical 
plane are the network of two. families of 
orthogonal curves called slip-lines in the plastic 
flow and they are known as Mach lines, in the 
‘supersonic flow, whose orthogonality is wholly 
due to the specific properties of our fluid. 
Before proceeding further, we want to show 
_ the analogy between isostatics and stream lines. 
From Eqs. (6) and (7) we have: 
IW 2h (a.—ov)dx+/2k+ (a, — ay dy}? _ 1 
4k(dr*+dy?) 2: 
\ carat C11) 
2 and so the angle between slip-lines and the 
vector, whose t— and y— components are 
oo. a) and / 26a. 9,). respes: 
_ tively; is 7/4 representing the direction of 
‘isostatics (Fig. 2). Similarly we have from 
Eqs. (6’) and (7’): 
wh (Cudy—vdr)? 


ss 1 
oe Get dartdyay 2g GT) 


_ -which shows that the angle between Mach lines 
and stream lines is 7/4 (Fig. 3). 


‘ Fig. 2. Fig. 3. 
5 Isostatics and Stream lines and 
+ slip-lines. Mach lines. 


Integration of Eqs. (8) and (9) or (8’) and 
€9’) readily shows that the characteristics in the 
Stress plane are sine curves and those in the 


- hodograph plane are logarithmic Spirals as 
shown in Fig. 4 and F ig. 5. 


III. General solution of the isostatical 
~ problem. 


$4. The fundamental equations and the charac- 
teristics having been established so far, let us 
now solve these equations. First, Eqs. (8) and 
| (©) in the preceding article may be easily 
integrated to give* 


© 


Nobuio INOUE 


, 


Fig. 4. 
Stress curves are 
sine curves. 

- 


Fig. 6. 
Hodograph curves are 
logarithmic spirals, 


y Or+dy oy Or—Gy ay 
Tete ORT +sin 2h =4r(8), (12) 
FE OrtBy ROS, Or—Gy ut 1s i 
. r= Oh si oF 4s(a), (13) 
and so it will be seen that on the curve Cor 4 
dy Bs 2(R Ty) Ox+Oy 
GP eg coy ee . 
+sin! re =constant, (14) og 
and on the curve C—_ - 
dy __ 2Ak+Ty). q eb oy 
dr a Gr—Oy ‘2k 
Del es ee . 
sin Ok constant (15) 


When there exists one-to-one correspondence 
between ‘points in the physical stress planes, 
we have from Eqs. (12) and (13): 


Ozrtdy 


‘ 


Sas AO Oe aia 
sin" 7= = 2(rts), (17) 

and from Eqs. (6) and (7): 
ogee OD 


Substituting Eqs. (16) and (17) into Eqs. (18) 
and (19), we have: 


_— 


a Ox 
As =tan(r+s) as? 


(20) a 


3 yar pane ed eRe eS ee nee eee ee eee eee 
ee ee ee ee nae ee ee ee eee, ae ay a 


oY ~cot(r +s) Se ; (il) 2 
or, by eliminating y from these equations, 
2. (is . 
Frag tar +3) coir 46) 0, “a 
| Re 
rasa. 
Using this solution for rc 


* Double signs before aresines have been omitted 
for the sake of simplicity, | oe ; 


and from Eq. (22) we can determine 
function of + and S. 


2 
fé 
; 


m ” 


yt 4 asa) ‘unction of r a s fork 
nd 9)... “In this manner we can. 


given Ciel Pavinuaens: or to determine 
stresses which are compatible with the given 
slip-lines. The former One ‘is solved immedia- 
tely when we substitute the given stresses into 
the latter equation in Eqs. (14) or (15),. and 
when the equations of slip-lines are known we 
can solve dx—, and Try from the former equation. 
in Eqs. (14) or (15) and the condition of yield- 
ing 35. Then, making use of the latter equa- 
on in Eqs. ds or (15) we can solve the 
latter problem. Therefore, . we can determine 
the. stress distributions completely whenever an 


“4: 


lines. Rats s 


have: enyelopes, it is well known ‘in the theory 
of ‘supersonic flow that | ‘there exist shock waves 


quantities such as. pressure, density and velo- 
ear orresponding to. this fact the dis- 
continuities | FOL ‘stresses may. occur in plastic 


because they will never happen in the interior 
of plastic materials when we are dealing with 
the isostatical problem in the theory of ‘plasti- 
‘city. We know from the former. in Eqs. (14) 


otherwise are given, “we can determine the 


bounding curves, a 
bounding curves are given, we first seek after 


the given bounding curyes as. their envelopes, 
and then taking these families of orthogonal 


Z curves as ‘slip-lines ‘we can obtain all the 


possible: stress distributions. in the plastic 
‘materials. Lastly, in concluding this “paragraph 
we ‘must. add. one proposition, that is, 
‘boundary curves of the region of plastic de- 
3 formation with - that of. elastic one are repre- 
sented by ‘slip-lines_ as is obvious from the 
properties of characteristics in the theory of 
ar ial differential eatalions. 


and Aupersonie: Faw 


already mentioned. Although the properties of © 


arbitrary curve: ‘is given as one of the was 5 


Te. the Ghecacloretes in tthe ‘physical plane 


and discontinuities occur in. every physical | 


materials. ‘and ‘the discontinuities in this case 
‘mean the bounding surface of another materials, 


or (15). that the. equation of bounding curves 
are On = Fy or, expressed in. shearing stresses, — 
- Bae Eh Therefore, if any stress distributions — 
at every” point in plastic ‘materials. or slip-lines MD 


; and con ‘Eqs. (6’) and (7): 


and on the contrary, if the — 


‘the: families of orthogonal curves which have — 


“or, by eliminating y oe these euusrions, es 
the 


rEg 


- IV. General solution of the supersonic = 
flow. Fribe 

§6. Let us return now to the supersonic fow 

of fluid and proceed in all the same manner as 


supersonic flow are well known, we must study 
them particularly here, since our fluid has 
special ‘properties as assumed in § 2. v 
Integration of Eqs. (8’) and (9’) gives 


1 : 
Boe “log(u?-+o®)+tan7 4% 
2 uo 4 
7s se x(u2-+ 0?) —t aries 
» loz ag 


and so the following relations are obtained 

i.e. on the curve C+: A 
aay 

an 7 0 


u+tv 
and 
u aR. 


tes eae. 
9 fog (u?-+0%) eT: 
+tan™" =constant | 
and on the curve C—: 
dy. u+o- 


‘ rf Pau Trg 
5 Ties eOes and: 9 log(u ye 


a5). 


“when there exists one-to-one ‘corresponidenc 
between points in the physical hodograp 
planes, we ave from Eqs. (12’) and (13): 


16") 


—tan-! is -=constant. 


goat ars ; 


viel 


v 
Hagoige eget s Dee e 
u 4 


Oy UTD Ox ee 

N 18’) 
Os u--v Os Soa. 
Oy  v—u OL ie 
Or. utD Or” Sy 


Substituting Eqs. (16’) and cu) into Eas 
(18’) and (19’), we ee 


OY Lis 6 ; IY 

as =tan(r+s)% ee : (20 . 3 
Oy 3 Ox ont ait ake 
ag cot (7-+s) ap? 2 ie 


ax 
rds 


+tan(r-+s) 22 —cot (7 +8)-3 = oe ce Vi 
and from Eq. (22') we can determine 7-asa 
function of 7 and s. Using this solution for © 


we can obtain y as a function of 7 and s from 
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Eqs. (18’) and (19’). In this manner we can 
obtain Mach lines C+ and C— in the physical 
plane. 


V. Simple Waves. 
§7. In order to establish the theory of slip- 
lines completely we want to discuss in this 
article the special type of slip-lines, one of the 
two families of which is a family of straight 
lines. If a certain region D in the z, y plane 
represents the straight line s=constant in the 
r, s plane, characteristics C+ on which the 
. parameter 7 is constant are straight lines in 
this region D' and are called simple waves as 
is well known. We 
Now we give to these straight lines the 
following expressions: 
oie eae) rsinw(a), y=b(o)+rcos ‘ey 


__ and when the angle between the isostatics vec- 
tor (/2k—(e,—0,), “2k+(a,—0,)) and the 

_.. @-axis is shown by 0 

WV 2h+(Gn— Sy) 

Nh Cag <o,) 
by Eq. (11). Further, along the curve rin 

_ the stress plane the following. relation holds 

- ig. 6): 


=tan@ and o=0-—- (25) 


do;, 
r Wags tanw. (26) 
op Eqs. @s) and (26) are solved to give: 
Fig. 6. Simple waves in 
the plastic flow. 
0,=ksin2w—2kot+h, 
oy= —k sin2w—2ko+h, (27) 
i: Tay =F cos 20 , 


where / is a constant of integration. 
‘Lastly, let us search for the isostatics gene- 
rally when arbitrary one of them is given’ by 


Nobuo INOUE 


*(23) 
' where o is ihe parameter and 7 is the abscissa’ 
on these straight lines o=constant. From Eq. 
(23) we have: 
dy 1 
Be an ( 9 +0), (24) 


‘hy 


(Vol. 6, — 


the equations: : a 

r=ae), y=6(a). (28) 
Since the slopes of the isostatics are given by © 
dy/dr=tan6@, the following relation exists for | 


the boundary isostatics expressed by Eq - (28): 
tan d= a the function of o . (29) 


Therefore, we can solve 6 as a function of o 
from Eq. (29), and subtracting z/4 from this — 
0. we obtain w as a function of ¢. Then — 
substituting w+7/4 into @ of the equation: 
Ot pO 
sin 0 i cos 0 roti (30) 


5 Z : | 
which stands for arbitrary isostatics, we obtain : 
the relation: ’ 


O, 


oy 4 

(sin w+ cos co SE + Gin w —cos w) 5 =9, ¥ 

K 

(31) A 

and using 01/00 and ay/8e obtained by diffe- — 


rentiating Eq. (23) we can transform Eq. (31) © 
into: ; ‘ 4 


\ 


dr dwo_ 1 

Ba dg hae o G2 sg 

which is easily integrated to give: aa 
r=Rexp(—@),. (33) 


where R is a constant of integration. Substitut- 
ing Eq. (33) into Eq. (23) the equation of the — 
isostatics is obtained as follows: 
r=a(o)—R[exp(—o)]sinw(e), ) 
y=0(0)+ Rlexp(—w)} coswca). | GY 
§8. Simple waves of the plastic flow being — 


: 
i 
¥ 
3 
J 
3 
; 


_ completely solved, we show in this paragraph — 


those of the supersonic flow. The method of 
solution is all the same as before, and so it is 
sufficient for us here only to describe the | 
equations corresponding to Eqs. (23)~(34) in ; 
the preceding: paragraph. ; 
Assuming the equation of the family of 
straight lines representing Mach lines as follows: 
t=a(e)—rsinw(s), y=bCo)+rcoswia), 
(23), win 
slopes of Mach lines (23’) become: Bia 
BIE ee : ete 
dy ~tan (-$'+o ). ay 
On the other hand, the slopes of stream lines’ 
and the relation between w and @ are: 
‘v/us=tand, w=0—7/4, (25%) 


and along the curve J”— in the hodograph 
plane the follows relation holds (Fig. v4) oa 


Cel 


= =t 
“du tne. | ee 
From Eqs. (25) and (26’) we obtain the re- 


quired solution for the velocity of ‘fluid on 


Tab 

ON iy Big 

Fig. 7 Simple waves in \ 
the Supersonic flow. 


u=Ue-“(cos w—sin w),. 
f v=Ue-“(cosw+sin w), 
where U is a constant of integration. 

Secondly, ‘when arbitrary one” of the stream 
fines is given by the equation: 
Be Kt Eales iy be (28/) 
and- the : ‘slopes ‘of the boundary stream line 
28") become: 


4 


: —tand= hs ae We =the fadction of o. 29") 


(27°) 


2 o may be expressed asa function 
of o. 


On the. other - hand, the -following relation 


holds for arbitrary stream lines: 


Be i OF 4) Dope aielie , 
ae sina cos OA =0:, ae G0’) 


which, is os into: 
Oy 
Gin w »-+e0s orgs (sin @—Cos 30) On 


G31") 
and. using ax/ao i dy/0c. obtained by diffe- 
rentiating Eq. (23’) the differential equation of 


the abscissa’ on Mach lines is given by the 


following i ; 


+. 


stant and all the same local Mach number | 


"of solving these thrée curves from the given. iy 
stress distributions and also the method of 
-solving stress distributions when one of. the 


‘method of obtaining isostatics or stream lines | 


We eee nomad ana Ys 


dr 


dw i ; Rae 

J FR AY Rees ewan La 

Integration of this equation gives: ‘ 
r=R exp (—o), (332 


where R is a constant of integration, aa ise vs 

substituting Eq. (33’) into Eq. (23’) the equa- 

tion for the stream lines is obtained ser as. Witt 

follows: ; 

/ e=aCe)— Riesoc an) sin w(a), 
y= b(o)+ RLexp(—w)] cos w(a). 


| in 


VI. 


§ 9. The two-dimensional isostatical problem 
inthe theory of plasticity is discussed in this 
paper generally, applying the method used 10 WA i 
the theory of supersonic flow. The flow of — 
plastic materials corresponds: to that of non- : ry, 
viscous compressible fluid having the special - 
type of pressure-density relation b/log e=con- 


Conclusions. 


»/ 2 throughout it. tos er 

Slip-lines, isostatics and boundary curves in 
the plastic flow correspond to. Mach lines, 
stream lines and shock waves in the supersonic 
flow respectively. We have shown the method 


three curves is given on the contrary. 

Lastly, the case of simple waves being dis- 
cussed, the method of solving stress distribu- 
tions on them is shown together with the 


when arbitrary one of them are piel 
| eee 
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k 4 , 
In most mass spectrometers the ion current received by the tollecies is, ei 
~ measured by D. CO. amplifiers, but it is preferable to use A. C.. amplifiers, — 
if possible, because in A.C. amplifiers there is no Zero Pole drift and — 
the number of stages can be easily increased. alee at aes is : 
We have intended ‘to use an A.C, amplifier in a mass spectrometer of 
_ Nier type. The ion current was made alternating. by. making the. poten- ; 
tial of the first slit which pulls out the ions from the ion source to have | 
a rectangular form of —4 volts and+1. volt relative to. the ion source cham-- 
ber. The i ion current amplified by a three stage A.C. amplifier of 110 ab 
was rectified and then measured by a D.C, milliammeter of 1 mA full 
scale. The amplifier operated very stable. and ‘the current dis itieation es 
‘factor was about 0.7x10", the minimum ion | current t detectable at ‘the col- ‘ 
- lector being about 1.5x 10-1 dcepiseh ay 


Se 4 


on 
Pkt 


. use an or ans in a ante, 
I ter of Nier type’ constructed. for the Sane of our mass 
lof analysing’, the. peices in ee schematically i 
*- o : p 


“oe ot 
_—_<---— 
= 


ony 


I= 


ae | 
Oe ae a ae a ee ee yt—t™ 


aa 


ci 


— ee ee ae we a ee 


Saget 


wa — = — --- — 
Same ae ope a Saw ae eer a on 


he slit Si was ‘made. ‘to have a rectangular 


on chamber P. In the phase when S; is —4 
Its ions are pulled out from the ion.chamber, 
d in the phase when % is +1 volt the ion 
‘current is stopped: Then. the ion current re- 
aching to the collector is considered to have a 
‘rectangular form shown in Fig. 2, (2). But 
he potential of the collector will have a form 
“shown in Fig. 2, (3), because of its distributed 
“capacity C and the high resistance R_ inserted 
an the grid: circuit of the amplifier. 


a Fig: 2.) Potential of S, relative to ion 


ae chamber P. 
ae @) Col lector current. x. 


(5) Collector potential. 


_amplified easily | by an A.C. amplifier and its 


-output can be measured by a D.C. milliam- 


“meter after being rectified. The time’ constant 
_RC of the input. circuit is considered to be 


about 10-2 sec, when 8x 10° ohm is used as R, 
so: the” frequency of the rectangular’ potential 


“should not be higher than about 50 cycles per 
aes eat 
82. Construction of the Mass Siecurmcter| 


~ Our mass spectrometer is all metal Nier type 
“one? as shown in Fig. 3. Arrangements of the 


4s source. and the collector are shown in Fig. , 
Bs ‘A) and (B).. The dimensions of the slits 


tt 


he are as follows, 


a 1mmx10mm,  $.; 1mmx 10 ae 


ng ie ion current to be A. (e3 Bie hotential 


of —4 volts and +1volt relative to the 


This 


‘alternating Se penital of the eee can be 


pete ; ae 
$33.0:2 mmx10mm, S.; 1mmx12mm, 

- Ss; 3mmx14mm, 5.3. 2mm X12 mm. 
The slit S. serves as a focusing electrode. 

Ss was initially intended to be used as a sup- 

pressor”) to reduce the low energy background 

ions,:but as we used an A.C. amplifier any Fal 


Fig. 3. Mass spectrometer body. 


~ minute ripples in the potential supplied to this 


slit induced a large disturbance ‘in the am- 


plified ion current, we abondoned, therefore, — 


this initial intention and connected it to earth 
potential. 

‘Evacuation was performed be a glass Hick- 
man pump of 6cm diameter, and the pressure 
was about 1x10~-*mm Hg when no sample gas 


Copper to 


- pe Glass Seal 


Fig 4@. SE ag 
: Ries ee ak 
Reiss Bay 


od. and this rose to vane 2x 10> ie Hg a ae “property ‘abe: the tu 
Then sufficient ee gas was ator: Sages igh wave.” potential 


dimension. The gap bathe yee pole pieces $4. “Amplifier.” ead > 
15 mm, and the total winding of the two ra ) Amplifier cecuit| 4 me 

is 2294 turns of B.S. No. 11 wire. The We used, a ‘three: sti 
rent was supplied by two. 6 volts batteries shown in Fi BT Mae so 
series and about 3500 gauss was obtained current, is ‘rectified by two 


% “The diagram of the Serra circuits: S for ion | fect is eae at the 

source is shown in Fig. 5. Most of them con- - stage as ye iad 1/10 and 1 
‘sist of ordinary stabilized circuits. _ 
Sted he rectangular wave generator circuit for ene we inteoduésd a low 
pulling out ions from the ion source is shown between the second al 
_ in Fig. 6. A sinusoidal wave of 50 cycles per cut off frequency of this 
sec. and of about 80 volts is fed into the con- 800 cycles per ‘second. “al 


A trol tas of UZ-57, then this is converted into of the vain: tubes cai Ww. 


Bs. 6. Rectangular wave. generator. 
meter and supplied to the slit S;. Through | 
the distributed capacity between S,; and the 
Faraday cage F, the above A.C. potential is 
induced to some extent to the input circuit of 
fc the amplifier. The output current as a func- 
Bot. ae 2 volts | was stepped iia as low as tion of the potentiometer tap will indicate the 
“amaty 000. é of its: ean value Weak a Oe linearity character of the amplifier. The result 


ee 


a 


te ie ion source. “The pate ne 
| 8, Curve (B). The noise current, 
Dey exists, is 0 025, ie 


500 


1000 
. Potentiometer sag log 


Rh Fig, ‘By Linearity of the atnplitier. aia 


: into the input 
Gi cuit Ae measuring ihe ‘output voltage of 
the third stage to be about 40 volts, This 


+ ‘ 


plification. 
‘The current amplification factor including the 
rectifier and the measuring circuit was known 
to be about 0.710". As the minimum current / 
_ detectable in the output is about 0.005 mA con- 
cone the fluctuation of the noise, the minimum 
_ ion current detectable iy the collector is about. 
4. 5x10" th amperes. Se 


“86 : Ohutactelistic of. the Spectrometer. 
«@ om Effect. of the Focusing Shit Se 

When the potential of the focusing slit S: is 
rasied between zero and the total accelerating 
potential Vo, the collector current varries as 


Shown i in Fig. 9. The maximum usually appears 
vat po. BV. 


eo 
1) 


plified) rae 


—<— 


Ka 


Lon Curr in Phin 


400 ef BOOie 
fagi m Volts . 


Read “Fig 9. Effect of the slit S2. 
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ve ths Resolving Power. - 

_ Several examples of mass nUETER obtained 
by the potential scanning ‘method are shown in 
Fig. 10, 11 and 12% Fig.10 and 11 are the 
~ spectra of mass. from 17 to.71 produced by the 
. residual gas in the spectrometer. The spectra 


- of mass mass 17, 18, and 28 are much reduced - 


5 after long evacuation, but the others are 
‘maintained almost constant, so the latters are 
_ considered to be produced — by the vapour of 
_ pumping oil. Fi ig. 12 is the spectra of A* (40) 

Pand Ne* (20) when sufbcient sample gases are 

let flow. : 

% ; : ‘In all these cases, the Greadithy be the spectrum 

ae pat. ‘half maximum’ Ap is about 5 volts. 


‘Ton Current in mA (amplified) 


plified) 


lon Current in mA (am 


Mass Spectrometers 


a 
res) 


z 


© 


0 


im=1.00R | 


1100 1050. 


- Acc. Potential in Volts 
7 ' 


Fig. 10. Spectra of mass from} 17_to 44. 
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le icelp good onan we. consider ‘ 
-Sions of Hie spectrometer. fie ay oie 


ee Conelusion. 


a | RBS pee a a eed 
n= 08 0.FH | A. Cc. eeplisers are much ¢ 


| for his purpose. _ é 
Ne (20) amplification band | is 


pais work is eit 5 to “the: Minist 
Education for. the - ‘Scientific - Researct 


ee 1) AO. Nier: | 
7 me A. oO. Nier, 
“A+G0) and Net -(20) eh sflicent 
sample Bases. are det) flow. 
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oe .. on natural raw rubber. 
a oe apphopiiaicass of the model. 


2 $I. Introduction. 


~ raw rubber have been investigated by Wood 
‘and Bekkedahl®, orvi : 
- volume as a measure of the extent of crystal- 
lization. The main result was that the rate of 
_ crystallization had a maximum value at about 
_ —25°C and that the melting range of crystal- 
lized rubber was determined by the tempera- 
4 ture- of crystallization. ~The purpose of the 


_ these observations, without the assumption of 
many forms of crystalline. rubber. 


ae 


i (on Nature oF the Crystal: 
-. The dimension of a regular crystalline region 
- in the crystalline solids of linear high polymers 


is much smaller than the dimension of a macro-- 
Each macro-molecule therefore be-— 


; molecule. 
a longs" to many crystalline regions, which in 
return are expected to form the so-called 
fringed micelles. (From the ‘ther-modynamical 
viewpoint, a crystalline region amidst amor- 
‘phous surroundings is in a metastable equili 
brium, as one has a gain in the free energy by 

; displacing the boundary surface. into the amor- 
phous region. However it is to be noted that, 


4 to effect the regular alignment of amorphous 


“segments : at the . ‘boundary, . the statistical en- 


sively concentrated at the boundary. In these 
‘te jee eee the r rate of growth ‘of a-crystal- 


eesicaieation and Melting of Linear High . 
pees as Rate Processes. aeeaies Sa 


By Akiya OOKAWA. ! 
Department of Physics and Chemistry, 
Gakushuin. University, Mejiro, Tokyo. 

(Received May 9, 1951.) 


It is characteristic with the erystalline solid of linear high polymers that 
the regular crystalline regions and the irregular. entangled regions aré 
mixed to form the spherulitic particles: Founded on this picture, the rate 
of crystallization is estimated as a function of the crystallization temper- 
ature, in line with the usual treatment on the formation of a new phase. 
The melting temperature in the process of heating the crystallized specimen 
at uniform rate is determined, on the supposition that melting is observed 
at temperature where the rate of melting becomes comparable with the heat- 
ing rate. The theoretical results are fairly in accord with the observations 
Some discussions are included relevant with the. 


~The crystallization and Hae Oe of natural © 


observing the change of. 


‘conditions of crystallization. These affairs are 
‘and find no .correspondency in the case of low 


“present article is to give an explanation to --regtilar region does not effect any enhancement 


- forming. this peculier. structure is not yet evi- 
dent. 


‘as a crystallization nucleus does in the forma- 


tion of each spherulitic particle as mixture of ae. 


a tanglement of the macro-molecules is progres- , 
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line region above certain limiting size may be a 
negligibly small under normal conditions, be- 
cause the rearrangement of the more entangled 
segments requires the larger activation energy. 
This is sustained by the -observation® that in 
the case of rubber the limiting size of a regular 
crystalline region is-nearly independent of the 


characteristic with the macro-molecular crystals 


molecular orystals, where the growth of a 


of irregularities at the boundary surface. eral 

Many specimens of the crystalline solids of. 
linear high polymers show the so-called sphe- 
rulitic structure®. The molecular process: of 


The resemblance between the spheru- 
litic structure of polymer solids and the poly- 
crystalline structure of normal solids suggests, 
however, that each spherulitic particle origi- 
nates from each centering region acting such 


tion of a single-crystalline domain. The forma- ¢ 


regular crystalline regions and irregular Aas 
entangled regions is in accord with the for-. Beth 
mation of each crystalline region, when one’ — Ie 
suppose. that, by regular alignment of a : 
region, some next neighbouring comparatively : ” 
ordered region is ‘brought into regular aligh- 
ment. In-other words one can suppose that _ 

the effect of régular alignment is transferred 


/AT3 


s eens “hie region, ‘occupied be ‘fhe Uo nore 


ae entangled. segments, because the entanglement 
ig OF segments inhibits the random thermal motion 


of neighbouring ‘segments. This patchy cry- 


allization, so to say, sates uee with some 


final degree: of veeabtioisient measur- 
the dlegrease< of ‘volume, is estimated 


e narature dy: It can be Seen there- 


wn) 


y the ratio of the total volume of cry- 
eran 
in regions: and that of entangled regions 


Schematic “yepresenttation rare a fe : 
spherulitic © particle, amidst 
amorphous surrounding. iA: ‘Re-- 


Mes one suppose’ as bacirey ’ : 
¥ gular crystalline region: (Cery- 
stallite).. -B: Irregular entangled — iy 
region ‘quasi-crystalline re 
4 gion). ‘OG: Irregular heaped 


ne lo the ee SR oes zeaont, Kae! Mag Geshe 5 
. ae these conditions one can treat — S anide aC es Win, Fie 
1 _ da/dt=kel<Vo— V)/ mtr 


e Lie a as a kind: of . eal '§ 
_ where V is the total Vora! an 


‘ee eid he are be reapeniave <n ate 
ey stants. at ‘the: initial stage, - 

: interaction: of the particles is ne igibt 
mer “system, is’ “kept ata - constant The decrease of the two rates with 
erature below its ‘crystallization. tempera-_ gress of crystallization is assumed inc co 

total volume V occupied by the jinearly proportional to the ‘volume, Vo- 


tic particles is to be atinatea in ‘the available for further crystallization. 


0, with the time. tod By virtue of Eas. @ and @ , 
size distribution of the spbetnliti Gate sicnple relation ne 


U ually. OL uniform, ‘the particles gene= cals AiVeda/at he 
at. ‘ earlier. ‘stage being greater and the ‘or, with the initial condition Bike 
generated at later stage smaller. On the | Wemhine sf aie 
and, the regions not. yet occupied by peers ears 
: pa icles decrease progressively _ with, the | For” the sake. of | ee we A 
This has the effect of | assume the: relation — 
| ressive. ‘decrease of | the rates. both eye) hie AaB, 
ig and. of ahaa a the popes uliia Tren, we ave 
Not. to peat slg the freatment, we » dist %  tean(2 us pal 
-. count for the moment the effect of the size eee ated, 
distribution of the spherulitic’ particles. . Then | “where: a 
the system can be represented vs the total 


a) 


_n=0, 


Ae L Bf 
he put the ra rate of nucleation eh. and the 


| i pee Soon re 
hse nt 7 piston ; ve G7 


oo temperature. 


7 _ 2 
rea iat a 


a j ce ace (10) 


be represented analytically, but it can be 

numerically evaluated according to 
V=Cn/m)*Vo, (11) 

where. n/N as Sumer of time is given by. 


oy. 


The relative number and the relative average 


volume ‘of the particles depend on the ratio of 


‘the. two rate constants. The larger (smaller) 
the rate of nucleation (the velocity of growth), 


i the greater is the’ number and the smaller is 
In. the. 
* ‘present . approximation; however, it is remark- - 


the average volume, and vice versa. 


able that the crystallization. curve, V versus t, 
is the same so long as the mean Chyhe? is 


be) the same. 


The rate of susaiiietion ¢ ee cired by the 


the reciprocal of the time required for one-half 


the total crystallization, is given by 
vis rate= 15, iChat" oe 
where Ue. 4 x 


(2) 
en (2a ( 2) +05 (Me 
No No—n 


eee 2 
} e=2.14) 
—@'/nd=(V'/ Voit 1/2)" 
From the view point of forming the critical 
nucleus of the new phase, the stable particle 
must ‘exceed a lower limiting critical size (see 
the text paragraph). This does not contradict 


tag with the initial condition (4), setting the initial 


- average volume equal to zero. So far as the 

size distribution of the particles or the detailed 
behaviour of each particle is put out of consi- 
x deration, the average’ volume v is to start nor- 
mally from ‘the zero value. Only the effective 


number .m, contributing to the formation of — 


new phase, is to be controlled by an energetic 


Bs ‘condition statistically. 


parte 


Ang 4. Rate of Crystallization. 


The rate of crystallization is to Abe estimated 
in the dependency with the temperature of | 


crystallization. The two rate constants are 
given by eiecl 
y= By exp (— —A/kT), PS 


| ko=Baexp (—Q/kT), © ae 


a yrs Bi and B, are the respective frequency 
; factors. 


Q is the average activation energy 
determining the growth of the ~ gpherulitic 
particle. . This. is almost. ‘independent of the 
ist: A is the, energy required for the 
ie. activation of an isan spherulitic particle of 


alion and Melting of High Polymer 


6 the final average volume of a particle. The’ 
total volume V as function of time é can not f 


the entropies. 


alignments of segments are irregular but at 
‘the same ‘time the freedom of taking many: 


“to their mutual entanglement. 


where the temperature To néenedl by . 


‘positive difference | 


we have, in the process of forming a spher 


ATS: 


critical size. The temperature dependency of 
the latter quantity can be estimated a ia 
thermodynamically. 

We put the free energies per unit otal ra 
the regular crystalline region and of the irre-- 
gular amorphous region, respectively, to Sealy 

fe=@c—Tse, fa=€a—Tsa 3 (14) ~ 
é and’s are the respective internal energies a 
With ‘the irregular entangled. 
region surrounding the crystalline region, the: 


configurations is” deprived of the segments due: 

It may be re> 

gitimate to approximate the free cue oy of th : 
entangled region by 

fo = @a— Tse. as) 

The average quantities fi; é é and s Ss appropriat 


given By 
wi =fa— foes = Tsa) — eee See 
= Saif To— T) (Sa— Sa); 


@a—eé= To(Sa$) , : 7). = 
is the Penn temperature between. th 
two phases. In the same way we ‘define the 

fl ehe-Fa= Ca Ts.) ~ (ea~ Tin) 
ied (Riess Sales). 
which contributes to the apparent surface: 
energy of the spherulitic particle. 
Below the equilibrium temperature, - Tatoo 


litic particle amidst amorphous surrounding, 
volumic energy gain by f’ and surface energy 
loss by f’’ per unit volume (refer to Fi ig. D. 
The net increase of the free energy by for mn: 


AF =4ne°lf" aa 
Z is the depth - of ‘quasi-crystalline bye on Ce 
surface of the particle. In order to form aa 
stable new phase, we must accordingly activate - 
the system up to the state corresponding. to. oy 
maximum JF; Putting the critical size 


ak = 2if"'/f' =2lT/(To—T) C200) oe) 
derived from the condition Oa 
 64F/0a=0) C21), 
into (19), we have 
A= ae Pe ancreneys. (22) 


_ Introducing Ege. (16). and as), it t follows 


FANE i heh > 
eye De ae 23 
me ere S, i: ye 
where 
= (1677/3) Ty(Sa—S.)." (24) 


: ae ah aimed relation between the energy 
A and the crystallization temperature T. 

iu Substituting (13) into (12), we obtain 

oe rate of where 
A+3Q ey 

BRT Pino eee 


rate of» crystallization. The three ‘un- 


In order to obtain 
um rate at near ~28 and half-maxima 


(26) 

“320 °K. ie 
met cally evaluated rates” are ‘fabulated 
~The full line in 
the ‘theoretical curve and. ‘the sa 


‘Yo 30~ © -20 TIO or NOS 
nes Sar | Jemperatine Ca tepnlle tion 


Fig. 2. \ 

tion at: different, temperatures of ery- 

a: ‘stallization. © The full line is. the theore- 

’ tical curve estimated by (23) and (2). 

_ The experimental data are reproduced _ 
’ by the points. Puce Thies 


In order to have a rate Sof crystallization 1 in 
orrect order of magnitude with thé obserya- 
Eq. (25) is compared with the absolute 
lue at —23°C, where ty: is of order of an 
ours, We neve aoe 


a. below’ 
‘ doz 


1 Neansetans pa le dependency _ 


onstants Qa D and J can be chosen 


Be eae at (dat [AD AT r. where dat/aT " is 


ot, ~ nog Th ee rey ae eee AK 2, eed 
Ree J * A Om vegies 1 St Te 4) : 
aattd ae PR eer i “Py FR cay Oe 
; PAL Lie | Mote ae Ares. oF 4 z ee 
Ld ‘ t eae ne th eae * Sy lian? ee ys 
y > - Ne - « 4 ¥ an Le Pe 75 ve ¥ Ne 
D cs 1 a2 ws 1. tok - 
' oa de " ‘ Sete 
$iin 


Relative | value of the rate of crystalliza- ‘: 


melting tipi at temperature. ple 5 degrees E 
above the crystallization temperature, yet far x 
the, | 40a, equilibrium — temperature 4 
320°K. This is due to the | eon of 


“of crystallization. Aisceiee to is canine 
in § 4, ‘the smallest spherulit particle. ‘stable — 
at. temperature 7 has a radius a. just. shot d 
the critical radius a* given by 20). se i 
nt. become | 5 unstable _ at Temperature 


‘positive. ‘On the same line, the observation on y 
the” recrystallization is easy to. ‘understand 


- qualitatively, when one takes. account of: the d 
e- a 


growth of large stable particles. in cost of ‘the 

- diminution of small unstable particles. -How- as 
ever we “must postpone further quantitative ce 
consideration. on. the Problem, nae eight is 


po dy 


eee a ni! 


en a s where: ‘the specimen tonne 


/ form<ized ar 


“started. on the assumption of 
tribution. by alae 

On the other hana, he temy 
i Stet of oe 0 


ed to’ nei eans by. some rate processes. 


On the assumption that the melting tempera- 


- ture is that point where the rate of formation 
of amorphous region is comparable with the » 
rate of heating, we can derive the dependency 
of the melting temperatire on the gaa 

__ tion temperature. | 
Ba he velocity of linear growth of amorphous" 


phase is at first controlled by the average rate 
constant k,, defined in § 3. Secondly, we 
must take account of the detailed structure of 


the spherulitic particles as mixture of ‘regular 


crystalline regions and the irregular entangled 
regions. — 


For the melting to proceed, accord- 
ingly, it is required for the irregular regions 


- to be disentangled. The characteristic rate 


with appropriate’ activation energy Q. The 


ks = Bs exp (—Q/kT) (28), 


ek activation energy Q is, as will be shown later, 


. expected to depend on the eee eraee of 


el crystallization. 


- Suppose a crystallized specimen ina ee i 


stable equilibriam ‘at a constant temperature 


tude in analogy with (12), by — 


i In the real case, the time tin can not be deter- 


ak panying recrystallization process. 
not too absurd, however, 
order of minutes at temperatures where the 

- Putting Eqs. (13) a 


Sih 


- melting - does” occur. 
eat into 29, we have a relation 


If one. increase the temperature by 
ATm, the time i required for the correspond- 


ing volume change due to melting to occur 


will be estimated, at least in order of magni- 


ste Tex (CRgkn3 1/4 at t= Tn. (29). 

mined directly : by experiment, because the 
melting process is likely interfered with accom- 
It may be 


to estimate tn OL 


i, 


Q+30. 8.) | 


a 


te a (BiB: ex(- 


Ke hetiveen: ahs ioltin, temperature Tm and the 


activation energy Q. 

Now, the activation haray 0, characteristic 
for the disentanglement in the irregular regions, 
_ depends on the erystallization temperature 
Te in the following | manner. Although the 
dimension ‘of each regular crystalline region 


- remains substantially constant, segments in the. 


- surrounding irregular region tend to rearrange 


~ themselves as much as possible by. the respec-- 
tive crystallization Drocess. 


At wall be regiti- 


- mate to assume that the rearrangement proceeds a 


constant #; for the disentanglement has a:‘form 5°. much as the characteristic activation energy 


“OF ceyepallicition: Pasting pas (13) and ) 


cording to (33) with tentative values. 


A Py) . 

keal 4k T max. rate 
200% J 23 6Y 58.78 | 0:034 | 
230 5.17 57.01 0.202 
240. 7.46 55.86 0.638 
245. |. 9.00. 55.51 | - 0.905 
250 | 10.96 65.41 |  1.000* 
255 | 18.48 55.62 | 0.896 
260 16.75 56.06 0.522. 
270 27.18 58.80 0.034 + |7 
280 49.60 66.9 |. “0.000 
285 65.4 | 72,7 |- 0,000 
200° | 90.2. |. 86.1 : 0.000 


maximum. 


Q increases to satisfy the relation 
hymetyp ee Gak at fhe To, 
that aS so long as the rate of rearrangeme 


into (31), we obtain: ’ 
7 a mn) (BBY et i 
ce 


pains Ds 


U le 


1 Ai150 b 
4 16k. 4 
where ache et 
a=log{(BsB tm}, | 
b=log{(BiB:3)"4/Bs}. : 

~The melting temperature Les estimated ac- 
po a=60, b= 0; (C35 
are tabulated in the last column of. Tabl 
The full line in Fig, 3 is thé like theoretica 
curve. i 


§6. Discussions. 


It can be seen that the rate of crystalliza- 
tion and the melting temperature of natural — 
raw rubber crystallized at different fen ne 
tures are fairly in accord with the present tye 
theory. The following discussions may be 
useful relevant to the appropriateness of the — 


ir Be ducad model. Vea sees 4 
As to the crystallization, the present theory value. t 


Male } independent of the crystallization tempera-. for the aren and instanton F thie cannes ee 
e, so long as the mean Chaka )/ 4 or the rate — litic particles was decided to have a value of 
ee crystallization is the same. The crystalliza- 33, 000 cal/mol. It seems rather too large as a. 
curves observed at temperatures with quantity relevant with the interaction , energy 
But it can 
be suggested that many lGnetie units, the seg- ~~ 
As> was ments of the polymer molecule, are concerned 
ked i in §5, to. treat. (he: peoblews of re- in the elementary process of activation. An- e 
lization quantitatively, we must take other knowledge concerning» the elementary a 
f the non-uniform size distribution of process of activation can’ be derived. from the 
tic particles. It is ‘hoped in these re- frequency factor. According to (27), (34) and — 
pipes the treatment in §3, so as to, ee the bach factors Bis, , Bz and vank can 


to be es after, of 10" ~10" sec”? These. ae 4 
~ much greater than ‘the atomic chee y xs 
: “normally of order of 10"~108 sec” t. -Accord- “4 
* ; ingly, when one Y expresses os Sees factor 
oa HP of deyataliidation or the time catia in the form Filet Resse sy 
r heat According to Eq. (31), the — ABP SAR Bey exp CAS/E), 
ting emperature ‘In does ' depend “on the” ‘the ‘activation entropies © AS are expected to” 
uired for crystallization, which re- have a great positive value. This circumstance — 
1/2 in (31). This i is not a serious difficulty, — suggests that the system of many kinetic 1 | 
howeve ons Tn is hee Srdgcps fear neat a a 


aad ER 
er at ee 


le is. because the’ “regions - s The present. en is minseeted re the Science 
tllites formed at 2C is. expected Research h Expenditure of the Education Ministry. 


seed ‘to have a birae!eclivation 
y Concerning. the problem, it may be” 
te esting to observe the melting curve of. " Bie a 
e Colloi 
men -ystallized to half an extent at near ‘Salence” I, oe) By. 
ah the rate” of Lapcysteilzaton ‘is 


iy "s Ow. Bein, 6. Aloodk; 
ie iq frei the. view-point of. ibe pre- Soc. Al, (1945) 317. (Ms M. ota ok J 


ya) 7 


a theory, ‘a we expect the: Crete tol Sei. 2, APH) ba. 


esti 


. ft 


ed by a protective film. 


The crystal size of oxides which were suitably converted from carbonates 

' were found in the range from 200 to’ 300 angstroms except BaO. In the 

case of (BaSr)O, the emission and crystal size were measured at different” 

Especially such an oxide that was exposed to 
air after decomposition of carbonate and showed a very Boor thermionic _ 
emission exhibited a - decided crystal growth. 


stage of heat treatment. 


\ 


4 1. Tntreduction. 


_ The thermionic emission sproperties a oxide-. 


"coated cathodes have been investigated by 
_ many authors, but relatively few works have 


been reported on the physical structures of the 
: oxides. It is apparent that the emission pro- 
_ perties or the electrical behaviours of an oxide 


_ cathode are directly related to certain chemi- 


‘cal and ‘physical structures, and the electrical © 
Jenkins® examined a lot of oxide cathodes 


_ characteristics of the oxides must ultimately be 
determined from their - chemical nature, and 
physical structure. X-ray and electron diffrac- 
tion studies ‘supplied some informations re- 
‘garding thee physical structure of the oxides. 


. These studies have cleared the facts that when. 


the solid : solution of both barium carbonate or 
_ mechanical mixture. of them are decomposed 
in vacuum. during the formation of an oxide 
‘cathode, | a simple, conversion to the mixed 


oxides, _BaO and. SrO, took place;2~. further 


heating caused. the formation of a true solid 


solution, (BaSr)O, for the entire proportion | 


in composition of BaO and SrO at a rate which 
was temperature dependent. _Further-more 


the composition of the activated cathode which » 


“was converted from an equal moler (BaSr)COs 
_ was found to be relatively rich in SrO; espe- 
r cially near the surface of oxide cathodes, some 
_ several hundreds atomic layers thick of almost 
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| Emission and 1 Cryst Size ok Oxide-Coated Cathodes. 


. By TiteGo SHIMAZU. 
Matsuda Research Laboratory, Tokyo Shibaura Electric Co., 
Kawasaki, Kanagawakén. 
- (Received August 8,.1950) 

The thermionic emission.and the crystal size of several oxide cathodes, 
BaO, SrO, double and triple oxide which were converted from equal molar 
carbonate solid solutions, were studied. 

The thermionic emission of the oxides was measured by,cathode ray tube 
and the crystal size. were determined by the method of small angle x-ray 


aa scattering and the. x-ray was measured by means of Geiger tube. 
purpose the oxide materials were stripped from the nickel sleeves and coat- 


- percent® BaO. Moreover, 
‘ous kinds of particle size, and’ reported that 


‘ particles of the same size. 


the relationship between the crystal or particle 


s ie =) he was. found as indicating pre-_ 


J 


i 


For this 


Benita and Rooksby” found that the one Oe 
mum d.c. emission was obtained from’ a bulk 
composition of about 65 mol percent SrO—35. mol 
they found higher 
emission was obtained when the oxide was 
homogeneous throughout than when it consisted 
of two or more phases. Benjamin, Huck, and 


which were converted from carbonates of va 


higher emission values of - oxide cathodes were = 
associated with small particle size carbonates 
which. they believed to be converted to oxide 
But this conclusion 
was denied by. Eisenstein. Eisenstein? studied 


size of the carbonates and that of the oxides 
and found that the crystal size of the oxides 
depends primarily on the maximum temperature 
of treatment above 950°C and bears no relation-_ : 
ship to the crystal size of the carbonate from _ eG: 
which it’ is formed. Nothing has been reported 
about the exact correlation between thermionic 7 
emission of an oxide cathode and its crysta, 
size. | ER: tc eae 
The problem of oxide crystal size is however 


-of great importance, because we have, experi- — 


enced poor thermionic emission from the oxide 


479. 


_ fered a severe crystal growth owing to the 
conditions during the formation of an oxide 

cathode. Of course, a few remarks has ap- 
- peared in previous papers about the oxide crys- 
tal size. Benjamin and Rooksby” ‘suggest, 
: from the line breadth of Debye-Scherrer pattern, 


nate. solid solution, (BaSr)CO,, whiress, 
1e same stage from mechanical mixture of 


1 issing in these papers, nor the’ changes 
a size at eta stages of activation - 


of heat treatment; poisoning eltect of 
L on the oxide. cathode is also investigated. 
ie ee size determination was: ade) by» 


T angle x-ray scattering Has has been 
ed since 1939 as a means: for determi- 


O mann™ and Warren.” The thdotétical 
estigations of this problem, together with 
experiments have been studied thereafter 
nd developed by many workers. A simple 
leory of this method is described below. 
acy We consider aggregates of identical spheri- 
cal particles of radius R*, and limit our atten- 
eit tion to small scattering: angles, These spheri- 
cal particles are arranged. at random so as to 
have no definite inter-particle distances, and 
any one of those particles the scattered small — 
ingle. x-ray radiation is regarded as to be con- 
- Then the amplitude of Scattering 


cathode whose crystal size seems to have suf- 


“from a single | 


sei distribution p to be. eieally. 
metrical in the parole ‘ 


Be [4p * Cae NuceR), fee 


where k=2ne/d, €= scatterings Sagle, i A=wave 
length of x-ray, N=number of electrons per 
particle, O(RR)= bene shape function ~ : 
sin Zz - a 
Or) = ates i 
Thus the relative sine seittered by a a 
spherical particle is given by v 
“I=N°07CRR) 2 ae 
Moreover we assume that the x-rays scattered 
by each particle in the specimen become ‘inco- 
herent, as they are arranged at random and 
have sufficiently large inter-particle distances, i 
so the total intensity of scattered x-ray will be 
a simple sum of the intensity scattered by a 
single particle. Therefore when M particles are i 
_ present in the’ specimen, the total intensity is 
; I=MN°@°(RR) ye Pa i 
This assumption ‘corresponds to a simple eet 
in which the. multiple scattering, the interfe- 
rence among Particles and the absorption of 


and —cos x} ; oe 


scattered x-rays are negligible***, ine a 


For practical use, the function o%( t)i is élosely” 
approximated by an error function having the 
same height and same area, exp.—(0. 22123),") a 
then ane =[0 221CkR)*] , a 
or taking logarithm — c oa 

. Lids, 1,MN2— -0. 221 RAPE SG 4) 
Therefore ‘the average” particle size ®. is 
obtained from the slope of log. I vs. curve. 4 

By applying this method a ‘single straight 

line is seldom obtained from plottifig the relay 


_ tion log I us. #, but usually a curved line is” 
if obtained from the observed. values ‘correspond- 


ing to the distribution he particle ‘sizes in nthe 
specimen. | — 

This method. is anblicabla only ae 
angles which are small. C mpared — 
angle of the first. Bragg Tine in nthe: 
crystalline Paetieles. 2 Re i 


Rakai CASES. of agirozates consisting 
cal particles. was also calculated, but’ 
the spherical shape function is 

me sreees taking into account 
ference, a interference _ maximum appears: iz 
U8. (kR) CURVE.) 5 Tees 5 ae 
wee ...dpproximation TM exp I : 
also wed 1 ORE e Ae ae te eae 
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A direct reading counting rate meter was 
used for this purpose,then the scattered x-ray 
radiation was observed by means of “‘scale 
of 64” circuit. A long beaded and mica 
windowed Geiger-counter**** was used in this 

study and is shown in-Fig.2. The glass 


beads attached on the central string dim- Ag 


i inish the dead time of the Geiger-counter 


Fig, 1. 
Se X-ray scattering measurement. 

The Cu Ka radiation was excited by 40 KV 
electrons at a current of 10mA, passed through 
very narrow slits, and reflected on a calcite 
monochromating crystal. This Ka radiation 
coming from the monochro-mator was then 


- opening 0.10 by 1.5 and 0.10 by 2.5mm. These 
slits served both to limit the width of the pri- 
: mary beam and to eliminate the weaker _com- 
ponent of the Ka doublet. By proper align- 
ment of the calcite.crystal and the two slits, 
a homogeneous primary beam Ka, was obtained, 
and half width of this beam after passage 
through slit B was enue? to be 1 angular 


DSSS BSS 


minute! 
_immediately behind the second slit, B, and the 
scattered ‘radiation was observed by x-ray 
Geiger-counter, G. This Geiger detector was 
also found useful for alignment of the: slits 
and selecting the irradiated position of specimen 
so as to be of optimum value. As it was im- 
possible to form the oxide specimen in a homo- 


| geneous | thin slab in our study and absorption . 


of the primary x-ray beam was very strong in 
‘specimen, the optimum position for the mea- 
“surement of x-ray scattering at small angles 
ed to be chosen experimentally. 


_ 


Experimental alignment for small angle 


passed through slits A and B of respective | 


The scattering specimen was placed — 


- and the proportional part of counting to 
incident x-radiation extends (as much as 
60,000 counts per minute) to the stronger 


irradiation of x-ray incident than that of © 


_the same dimensions and same materials 
but with no glass beads. 
counter was mounted on a holder which 


was able to rotate around the center at B, and 


a slit of scanning area 0.05 by 13mm, S, was 
set immediately before the counter. 
tance to scanning slit from specimen was 465 


mm, and the scattered xray was observed at ae 


every angular minute: 


B4e= Preparation of Oxide Samples. 


We have prepared the following samples. 
(a) double carbonate (BaSr)COs. 


To obtain (BaSr)CO,, NasCOs was added _ 
to equal molar barium nitrate and stron- 


tium nitrate aqueous solution. The tem- 


perature of precipitation was about 80°Ca ae 


Bie - 2: 


This is a carbonate solid solution which 


is now used extensively in commercial 


vacuum. tubes. 

triple carbonate (BaSrCa)COs. 

To obtain (BaSaCa)CO3, NazCO3; was 
added to equal molar BaCNO3)2, SrCNOs)e, 
and Ca(NO,). solution. 

The temperature of precipitation was 
about 80°C. This triple carbonate is be- 
lieved to be converted to an oxide so- 
lid solution (BaSrCa)O in vacuum, as 


Tale cs filled with 152mm Hg of Argon and 
15mm He of O;H;OH vapour. 


(b) 


This Geiger- — 


The dis- _ 


aE, tea 


is ne case in eu “Hawevee Stheke d 1s no. 
experimental verification about this con- 
version. 


. © BaCOs__ 


; These carbonate powders were sprayed with 
per binder on nickel sleeves**"**, the coated 
‘th of which was 15mm. The Soutell part 

| raised ata homogeneous temperature when 


plate Snioanded this 
Then each 


‘kel cylindrical 
cathode to measure its activity. 


60-minute baking at 300°C, cathode was. 


ae to about 700°C and held at the ines 


Binder was no longer visible. The heater 
nt was then increased to maintain the 
i 1 


complete - decomposition would take place in 
10-15 minutes. Each cathode was activated to 
optimum condition, and the activation schedule 
was as follows: (1) flashed at 1370° K*****« 
for 2 minutes, (2) then ageing at 1225°K for 
20 minutes; during this ageing some 60mA 
emission was drawn from the cathode. 
The initial values of thermionic emission of 
_ the cathodes were observed by means of cathode 
_ tay‘ tube at the testing temperature of 850°K. 
} Finally, each cathode was prepared for X-ray 
examination. As is well known the alkaline 


” bast onides ann _ grea 
to moisture and carbon dioxide in 
the cathode materials must be prepared avo d 


ing to exposure in air. A protective film 


technique was employed, as Eisenstein did for 
this purpose. The vacuum tube was opened 
in a air-tight glass-windowed manipulation bos 
in which the atmosphere was maintatined _chemi- 
cally inert by an adequate flow of nitroger 
which was carefully dried through two CaCl, 
drying towers and a P.O; drying boat. Rubber 
gloves, attached to the box by the wrist band 
permitted this operation. After cracking — 
tube the cathode materials were stripped Oo 
a thin mica membrane. and quickly coated by 
a protective film, polystyrene in a benzene e 
solvent, which was thoroughly dehydrated x with oy 
metallic sodium and distilled. od 

- Poisoning effect of air to the BaSr)0 catho é 


= 


_ BaSr)o (unactivated). cay. &: 


So ees 


crystal size. ‘Aber Sateen the double car- 
bonate to oxide in vacuum, the air ie 
in the bulb at the pressure of about 10 n 
Hg and exposed the fresh oxide : 


Ryetene Clare EEE cross 


1.2mm and 40 in leng th 99. 3076 
“2aN Seas i ee 


HEHEHE 
peratures, 


es were 2 usually as Tow as 107 *~107 : 


5 minutes and the abscissae are #? in 
radian*/Angstrom.” The observed values are 
own by ¢ in Fig. 3, and the vertical lines are 
e probable errors of measured points computed 
rom the statistical fluctuations of. the count- 
Initially a steep decay of .x-rays corres- 
ing: to the incident beam was appeared; 

following this the week true scattered x-rays 
were found to be relatively straight in log I 
vs. k? plots and from the slopes of the curves 
particle sizes were determined by the SxBISe: 
sion (4). 

Because of the very strong absorption of x- 
tay by specimen and of the sensitivity of the 
detector, the weaker components of scattering 
a at would have appeared at the larger scat- 
fering angles are missing in our observations, 
for which the smaller particles in the specimen 
‘would have contributed. Thus, 
sizes determined in our .study. will correspond 


-specimen. 
ize of the order of 1000 A could not be deter- 
mined. Table I shows the crystal sizes and 
thermionic emissions of several activated oxide 
cathodes. 

“Table I ‘ 
erystal sizes and emission values of activated 


: oxide cathodes, emissions were measured by 
means of cathode ray tube. 


- Oxi ae ae ar! ee Creel eine (R)- 

Beste 8 fo 

Be nacay0 100 230 
ages ma 

: a is Sa 


P.It. is seen that the crystal sizes of oxides 
are of the order of some hunderds angstroms 


the particle | 


o the comparatively larger crystals in the 
Moreover, by this method crystal. 


excent BaO. As the decomposition pressure of 
SrCOs is greater than that of BaCOs, strontitm 
carbonate is converted more easily than barium 
carbonate when heated in vacuum. Qualitati- 


_vely speaking, therefore, in the single conver- 


sion processes of BaCO; and SrCOs;, the de- 
composed SrO crystals will have little chance 
of crystal growth compared with the BaO crys- 
tals from the standpoints of the decomposition 
temperature and the time duration of complete 
decompositions of carbonates. Of course the 
chemical properties of carbonate or oxide of 


both barium and strontium should affect and 


play a complicated role in conversion process. 
In the case of double carbonate solid solu- 


tion the conditions of conversion are more com- 
plicated. However it had been pointed out by — 


Eisenstein that (BaSr)CO; were decomposed 
initially to almost pure SrO and BaO and then 


Ser Se aa tas 


a true solid solution formation took place. | 4 


Since the conversation of carbonate solid solu- — 
tion“*may not be regarded as a mere superposi- 
tion of ‘single carbonate decompositions of — 


barium and strontium, it is supposed that the 


decomposition pressure of (BaSr)COs; lies bet- — : 
ween that of SrCO; and BaCOs;; and that the | 
conversion of carbonate solid solution will take 


place more easily than in the case of single 
barium carbonate. 
think that the oxide solid solution formation 


Sr atoms from fine BaO and SrO crystals 
(which are present immediately afterwards the 
conversion of (BaSr)CO; through the boundary 


surface to the adjacent foreign oxide crystals _ 


accompanied with the simultaneous crystal 
growth of oxide solid solution. 
case, each of the BaO and SrO crystals will 
play mutually as.if they were impurities to the 

‘foreign oxide crystals and hinder the crystal 
growth to each other as the thoria prevents 
the crystal growth of tungsten in the thoriated 
tungsten wire, though in our case BaO and 
SrO are chemically very like compounds. 
Similar effects will be expected in the case of 
triple oxide, and the oxide solid solutioris will 
not make so remarkable crystal growth as in 
the case of single BaO. 


Emission values of BaO in table I are small 
compared with that of SrO. This seems that 


our BaO crystals would have suffered a severe — 


crystal growth though we have evacuated and 
converted the single BaCOs coating as carefully 


Moreover, it is natural to — 


will take place by mutual diffusion of Ba and 


If it were the 
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as possible. As is mentioned below the ther- 
mionic emission of a coarse-grained double 
oxide cathode is very smaller than that of 
suitably evacuated and fine-grained oxide, so 
the crystal size of BaO will be also of the 
_ order of hundreds angstroms like the other 
_ oxides if suitably evacuated. 

- Secondly the crystal size changes of (BaSr)O 
cathodes at different stages of heat treatment 
and the poisoning effect of air to oxide crystal 
size were studied. The results are shown in 
table II. 


: Table II. 
Emission and crystal size of (BaSr)O cathodes 


‘at different stages of heat treatment and that 
of the poisoned. ; 


ae aeie Emission | Crystal 
-cpecimens) ~. Treatment!" la $50°K.| Size in iA, 
| immediately after-| 82 («A/ ca 
wards the comple-| cm?) 255 
te decomposition | 91 ( 7 ) 270 
of carbonate — 124 (v7) 
flashed at 1370°K 
for 2min. activa- | 98 (nA/ 395 
tion by current; cm’) 335 
drawing at 1225°K| 96 ( 7 ) 
for 20 min. = | 
‘| flashed at 1370°K | 4, tae 
for 15min. and. 40 a +3. 865 
_ | reactivated. yi 
introducting the 
m2 issue air into bulb after [2-37 oO > 1000 
> by. air decomposition and|, ,°™? . > 1000 
reevacuated. rat) ; 


, a Eisenstein points out that the oxide crystal 
_ size depends primarily on the maxirhum tem- 
- perature of treatment above 950°C. Then the 


_ primarily on the maximum temperature in the 
_ conversion process at which the sample is 


the crystal size of an activated cathode, to- 
gether with the values listed in table I, will 
represent the equilibrium size which corres- 
ponds to flashing temperature 1370°K. i 

The decrease in emission appearing in case 


over, comparing the crystal sizes of the activat- 
gg ed and the flashed cathode we are not able to 
expect the time effect of heating in crystal 
growth. The only difference between Eisens- - 
_ tein’s and our result is that in his study a 
| cathode flashed for 5 minutes at 1325°K showed 


suggests that in a fine oxide crystal the con 


- than in a sintered stable oxide crystal. wir s 
_thanks to Dr. I. Nonaka who gave many kir 


indebted to Dr. S. Miyake for suggestion I 
ing to this study. Finally this work has 
_ Supported by the Scientific Research Expe 


$0 crystal size of an unactivated cathode will cor- 
at resporid to the equilibrium size which depends. 


heated as oxide after decomposition. ‘Similarly 


of a ‘flashed cathode is resposible to a pre-— 
ferential loss of BaO from the surface. More- - 


a rapid crystal growth in 
whereas, in our observation a flashed ~ 
still shows the crystal size of the orde 
hundreds angstroms. This may be caused by 
the difference of measurements, line broaden 
ing and small angle scattering of x-ray. 1S) oe 

Finally a poisoned cathode by air shows. a 
decided crystal growth and a poor thermi 
emission. Such cathode does not recover 
emission by any activating heat treatment. 
It seems that there is at present no theoretical 
reason for expecting such relationship betw 
thermionic emission and crystal size of an ox le- 
coated cathode. On this problem Kawamura‘ 


tribution of surface energy to the lattice en 
will become appreciable and the crystal w 
be in the higher energy state than a larg 
crystal so the free Ba atoms as active centers 
will be creatéd more easily in a fine cry 


~_ 
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_ The stress-strain curves and the change of appearance during elongation 
of zinc bicrystal specimens are discussed by taking account of the mutual 
interaction of neighbouring crystals, disregarding the mechanical properties 
of grain boundary. For the mutual interaction following assumptions are 

“ made: As the first step each crystal composing bicrystal specimens de- 
forms freely, but each crystal does neither intrude into nor separate. from 
the other at the grain boundary, nor glide on the other along the grain 
boundary. Thus the shape of specimen should differ from that in case of 
free deformation, namely, it suffers some correction so as to accord with 
the above-mentioned mutual interaction. For this correction of the shape 
some other work should be introduced in addition to the work for the free 
- elongation of two crystals of bicrystal specimen, and from this additional 
work the pies sanalin curves are deduced. 


Ge described in the preceding paper, the to accord with the above-mentioned mutual’ _ <a 


stress: strain curves for polycrystal metals can- interaction.. For this correction of the shape 
not be explained simply by treating the system some other work should be introduced in ad- 
as a set of disoriented isolated single crystals, dition to the work for the free elongation of 

~ but some assumptions should be made about two crystals of bicrystal specimen. 
= - the effect of grain boundary. Several workers” It is well known that when we elongate a 
have made assumptions to discuss the stress- single crystal with the original circular cross- 
strain. curves of polycrystal metals- In this section of raidus 7 whose direction of slip 
report we qntend to discuss the deforma-tion of coincides with the direction of maximum slope 
: bicrystal specimen on the basis of very simple of slip-plane, the shape of its cross-section be- 
_ assumptions as’follows: | oe comes elliptic. If we denote the lengths of 
(1) As the first step, each crystal compos- semi-major and semi-minor axes by @ and 6 


ing bicrystal specimen deforms freely. respectively and the elongation by ¢, we obtain 
(2) But, each crystal does neither intrude the following relations: ; 
Pinta nor separate from the other at the grain a=r, b=r/(A1+8); - <elp 
Spoundary, nor glide on the other along the and these relations hold well for the specimen 
i grain ‘boundary. Thus, the shape of specimen with semi-circular cross-section, too. x 
should differ from that in case of. free deforma- To discuss the stress-strain relation we use 


4 tion, namely, it suffers some corrections so as_ the equation: 
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o=dwWw/at, (2) 
where oa is the stress and W the work necessary 
for the deformation. In the case of bicrystal the 
~ work W can be separated into two parts, Wp» 

and W’, where W, is the work necessary for 
‘ the free deformation of each of the crystals of 
eee bicrystal specimen, while .W’ is the work due 
, to the mutual interaction of two crystals. We 
thus have 


a=d(W,+W’)/dt 2). 
‘We shall now proceed to the discussion of 
_ the result of experiments, In the case of speci- 
men of type No. 7 the shape of its cross-section 
became, after elongation, elliptic as shown in Fig. 
4. of the first report. If; in this case, each crys- 
tal deformed freely, the shape of its cross-section 
should assume the form of a half-ellipse as cut 
_ by its major-axis, and no more m utual interac- 
tion should be present than keeping the neigh 
-bouring crystals jointed at the grain boundary. 
This latter interaction however seems to have 
little influence upon.the deformation and the 
shape of cross-section after deformation should 
be nearly elliptic. In Fig. 4 the radius of the 
- specimen before test was 0.95mm, and after 
elongation of 252 the lengths of the semi- 
‘major and sem-iminor axes, @obs. and Bobs. , be- 
came 0.94mm and 0.75 mm respectively. Thus, 
- obs, is nearly equal to 7, while Jobs. is nearly 
equal to Bea, =v/(1+¢)=0.76mm. As men- 
tioned above, the effect of existence of the 
- grain boundary is merely to join the neighbour- 
ing crystals and the work to do this is con- 
sidered to be very small, i.e. W’ is very small. 
Thus we see from (2’) that the stress-strain 
curve rises only slightly as compared with the 
_ ‘corresponding curve for single crystal. 
Next we shall consider specimens for which 
az takes various values from 270° to 360°( =0°) 
while a; is fixed at 90°. The deformation of 
one of such specimens is illustrated in Fig, 9. 
From this figure it will be seen that in case 
of free deformation of each crystal, the cross- 
section of the left crystal becomes half-ellipse 
_ AC;B while that of the right crystal becomes 
half-ellipse AsC.:D.EBs, namely, A displaces to 
Az, B to B, and D to Dz and the grain boun- 
dary of the right crystal turns to the position 
Bi A2B2. This means that if each crystal deforms 
___. freely, both crystals overlap on the part AOAg, 


____while at the boundary OB one crystal separates 
from the other. 


. 
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perpendicular to slip direction by 8 and th 
angle between AB and A;B, by 7, we get the 
following relation: _ 4 
7=A—tan-Y{tanB/(i+a)} (3) i 
By the assumption that each crystal does. 
neither intrude into nor separate from the 
other, we .can deduce roughly a general shape 
of the cross-section as follows: since OAg falls 
on OA and Az falls on A, the upper parts of 
the left and right crystals in the figure repel 
each other, and thus the upper part of the 
specimen swells, while OB and OB; adhere to 
each other and B, falls on B and thus the 
lower part of the specimen is depressed, and 
the circumferential line of the cross-section be- 
comes smooth. iy 
As to the work W’ due to the mutual interacs 
tion, it supposingly depends upon the followin 
factors. x < 
(1) The work nécessary for crystals to repe 
each other at the upper part and adhere x 
the lower part, which is a function of y. ~ 
(2) The work necessary to make “A, fall o 
A and B; on B. For example, in case wher 
@=0 the shape of the right crystal become 
a half-ellipse as cut by its minor axis which 
coincides with AB, and neither separation nor 
intrusion occurs. But, since the mutual distances 
between A and As, and between B and Bz are 
greater some additional work must be done to 
make A: fallon A and Bon B. } 
_ (3) Moreover, in the case of the ‘specimen 
of type No. 1, for example, the direction of slip 
is perpendicular to the grain boundary in the 
left crystal, while in the right crystal it is 
parallel to the grain boundary making the aaa 
% with the direction of specimen axis, and thu 


_ internal force may exist, making some contribu: 
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tion to W’. 

Taking all these factors into account it is 
found that W’ becomes greater as the value of 
_ @ increases from 270° to 350°, and this result 

coincides well with the relation between the 
‘stress-strain curve and ay. 
Next, let us draw a line from B parallel to 
the direction of slip as shown in Fig. 9. The 
part BAD deforms to BzA,D2 and the deforma- 
tion of this part will be influenced directly by 
the neighbouring crystals, while in the part BED 
the influence of neighbouring crystals upon 
the deformation is indirect and the effect of 
mutual interaction in this part will be smaller. 
‘Thus, it may be conceivable that when the 
stress is applied uniformly to the specimen, the 
part BED is apt to extend longer than the 
other part, Since the specimen cannot bend, 
- there is no other way than to twist as described 
in the first report. i.e., the specimen twists in one 
direction from one end of the specimen till the 
middle part and then twists back to the other 
end. The specimens prepared in the present 
experiment were not thoroughly perfect in form, 
and so small fluctuation of the position of grain 
boundary may cause fluctuations in direction 
and magnitude of twisting. 

The stress-strain curve, the change of the 
shape of cross-section and the twisting can be 
explained qualitatively by the present theory. 
As an example of the change of the shape of 
crosssection we shall consider the result of Fig. 
5. If each crystal of bicrystal specimen de- 
forms freely, the shape of the cross-section 
becomes as shown in Fig. 10A. The diameter 


A. B. 
0,=100°, a2=350°, ©=669. 
Fig, 10. 


of the specimen before extension was 2.25 mm, 
and after extension of 66% the length XY in 
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Fig. 10B was 1.98mm while the length of 
A,B, was nearly 2.25mm. This means that at 
A and B the specimen deforms as shown by 
dotted lines in Fig. 10A, which is quite alike 
to Fig. LOB. 

Types No. 2 and No. 3 differ from types 
No. 8 and No. 7 only in that the angle ae is 
in opposite directions, therefore the same dis- 
cussion as for types No. 8 and No. 7 can be 
made for the former types. The fact that the 
specimens of these types sometimes fractured 
by cleavage may be explained as follows. 
Since the orientations of both crystals are 
nearly equal in these types, the transitional 
lattice of the grain boundary will be nearly 
similar to the lattice of crystal. Thus the grain 
boundary will not hinder the specimen to 
fracture by cleavage surface. 

Next we shall discuss the results for speci- 
mens in series B. If each crystal of specimen 
of type No. 16 deforms freely, each semi- 
circle becomes A,CiB:1 and A2C.Bz as shown in 
Fig. 11A. Thus it is easily conceivable that 
the shape of specimen -ecomes as shown in 
Fig. 11B. The radius of the specimen before 


a= Os C= alo, € =50%. 
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tension was 0.83mm while after elongation of 
50% the dimension of the specimen changed 
as follows: OZ,;=0.85mm, OZ,=0.80 mm, 
ZYOZ,2=50° and ZYOZ,_2+45°, using the nota- 
tion as shown in Fig. 11B. These values seem 
to be nearly uninfluenced by the deformation 
and in reality they are nearly equal to those 
before tension. The angle 7 in this case is 
equal to 7-++72 as in Fig. 11A and this is twice 
as large as that for type No. 8, and therefore 
W’ is greater and the stress-strain curve rises 
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rather high. 
When in type No. 14, each crystal deforms 


Az A 
ta 


wi 
B Bz 
A. B. 
a, = 1328 , a= 282°, e= 10022. 
Fig. 12 


freely, both crystals kecomes as shown in Fig. 
12A. At first sight this figure seems to be a 
little different from that of Fig. 12B. But, if 
we assume that in the upper part, OAz falls on 
OA, and accordingly the upper part of the 
right crystal is depressed to compensate, while 
in the lower part, OBz falls on OB; and the 
neighbouring part swells, then this corrected 
figure will be quite alike to Fig. 12B. The 
diameter of specimen before tension was 2.23 
mm and after ‘elongation of 10076 the length 
XY of Fig. 12B became 2.20 mm, in agreement 
with Fig. 12A. The angle 7 in this case is 
equal to 71—72 which is very small. Thus W’ 
mainly due to the works as mentioned in (2) 
and (3) above for types No. 7 and No. 8, and 
these works are usually small in the present 
type No. 14. Thus, the stress-stratn curve 
rises only slightly. 

Type No. 10 is almost a single crystal as a 
whole except for a slight deviation present 
between the orientation of two composing 
crystals, and so its stress-strain curve is nearly 
equal to that for single crystal. 

The difference ketween types No. 12 and 
No. 16 is that the direction of slip of the right 
crystal is reverse and this fact does not cause 
any difference in the result. Thus the result 
of experiment for the specimen of type No. 12 


Tomoyosi KAWADA. 


(Vol. 6, 


is explained in exactly the same way as in the 
case of the specimen of type No. 16. 

The remaining types in series B, i.e. types. 
No. 9, No. 11, No. 13 and No. 15 are inter- 
mediate types and they can be explained in 
nearly the same way. 

If, in type No. 21, each crystal deforms 
freely, the shape of the cross-section becomes 
elliptic just as in the case of single crystal. As 
to the mutual interaction, there is neither intru- 
sion nor separation, but since the directions of 
slip of the two crystals are reverse along the 
grain boundary, the mutual interaction as 
described in (3) above for types No. 8 and No. 
7 may occur. Since, however, this is small, 
the stress-strain curve for type No. 21 rises 
only slightly. 

Conclusion. 

By the moving-furnace method we prepared 
zinc bicrystal specimens, each consisting of two- 
crystals separated by a longitudinal grain 
boundary. The results of tension test of these 
bicrystals were discussed by taking account of 
the mutual interaction of neighbouring crystals, 
disregarding, however, the mechanical proper- 
ties of the grain boundary. Thus, the results 
of experiment could ke explained fairly satis- 
factorily. 

This experimental result, when combined 
with that of R. F. Miller®, enables us to dis- 
cuss the stress-strain curves for polycrystal 
metals by starting from those for single 
crystals. 

In conclusion, the writer expresses his hearty 
thanks to Prof. S. Kaya of the University of 
Tokyo for his kind interest in this work. He 
is also much indebted to Messrs. H. Yoshida 
and T. Furusawa for their cooperation in pre- 
paring specimens. 
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On the Structure of Silicate Glasses. 


By Ryosuke YOKOTA. 
Matsuda Research Laboratory, Tokyo-Shibaura Electric Co., 
Kawasaki, Kanagawa-ken 
(Read Nov. 4, 1950; Received April 13, 1951) 


The diagram of the molecular refractien of Na,O-SiO; glasses vs. com- “ 
position (Na,O mol %=2) is found to be linear with breaks at «=0.231, 
0.333, 0.428 and 0.474. Analysing this fact, it is concluded that at the latter 
three breaks the glass has the similar local arrangement of SiO, tetra- 
hedra as the silicate crystals do, which was found before by the author , ae 
on X-ray and viscosity. The break at x=0.231 is briefly discussed. By 

_ the introduction of Na,O or other oxides into SiO, glass, ‘‘ solvation ’”’ 
takes place, and also ‘solvation in refractivity ’’—dec rease of ee 
of SiO, tetrahedra—takes place. : 

These effects by the various: metal ions are summarized and the charac- 
teristics of ions in gases or aqueous solutions are found to be preserved to 
some extent also in the silicate glasses. 


$1 


The X-ray investigations of Warren and his 
co-workers” showed that in the silicate glasses 


Introduction. 


sitions are represented by (Na.O). (SiO2)1-2 
where x is the mole fraction of NasO. The 
Lorentz-Lorenz’s formula gives 


MR = 221 ,-fWnazo + 1-24) Wsioz 


the silicons and oxygens form a three dimen- npt+2 e 
_ sional random network, in which each silicon ne 'N 1: i 
_ is surrounded by 4 oxygens each at the corners ere a 2INa @) a 


_ of a tetrahedron and some of the oxygens are 


-. bonded to 2 silicons and some to’1 silicon and 


there are holes in this random network in 
which the alkali or alkali earth atoms lie 
surrounded by oxygens. The author» made a 
further refinement on the structure of the 
silicate glasses. 

In the silicate glasses the main component is 
the oxygen, the electronic polarizability of 
; which is much larger than those cf other ions. 
_ Therefore we can study the structure of the 
silicate glasses from the investigation of the 
polarizability of the oxygen ion. Since many 
metal atoms can enter into the network of a 
glass, we can study the effects of these metal 
ions in the silicate glasses from the molecular 


refraction of glass containing them. : 


&2. “Molecular Refraction of Na,O0-SiO,, 
K.O-SiO, and Ca0-Si0: Glasses. 


Molecular refraction (MR)_is the sum of the 
ionic refraction composing the-molecule. The 
- most reliable values of the refractive indices 
(mp) and the densities (0) of Nas:Q-SiO:, 
K,O-SiO2 and CaO-SiO, glases are those given 
by Morey and Merwin®. In the first place 
we consider Na2O-SiOz glasses whose compo- 


be 


where Wna,o and Wsio, are molecular weight 
of Na2O and SiOz, respectively, and @ is the  — 


electronic polarizability of each atomic ion and 
N its number involved in 1 mol of the glass. 


The smole fractions of sodium, silicon and — 


oxygen atoms are 2z, 1-% and 2-% respective- 
ly. There are two kinds of oxygens, one of 


which bonds two Si and the other bonds one~ Bs 


Si and Na ions. We shall: denote the former 
as OS' and the latter as O%%@. 


to 2-3x and 2r respectively: We. denote the 
molecular refraction of Na ion as Rna and so 
ee Then we have 


=(1- x) Rsit+2¢Rna+2rRosinat+ (2— $2 7om Be 


= = (2Rnat+ 2RosiNa —Rsi-— 3Rosi)Z 


= (Rsi+2Rosi) (2) 


From the diagram of MR vs. x (Fig. 1) we 


see that MR is represented by straight lines 
with breaks at v=0.231, 0.333 and 0.428. 
Therefore in equation (2) the coefficient of x 
and (Rsi+2Rosi) are both constants in each 
range of the composition represented by the 
straight lines. Then 

2Rna+2Rosina—Rsi 


—3Rosi=const:=A (3) 


f 
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And by equat- rd 
ing the number of bonds terminating on oxygen is 3 
to the number terminating on Si, we find that 
the mole fractions of OSi' and O%%* are equal 


Rsi+2Rosi= eonat: = B 


-. (0.084 c.c./mol). Therefore Rsi can be assumed 
_ as constant indifferent of the state of binding. 
From equation (4) we can obtain Rosi at each 
. range of the composition. Then frcm (3) 
Rya+ Rosina is obtained at each range of the 
composition. Runa is 0.457 c¢.c. /mol? which is 
only about’ one tenth of that of oxygen ion and 
so may be regarded approximately as constant 
compared with Ro. Therefore Rosina is obtained 


at each range of the compositior. - We haye 


‘by the least.square method from which Rosi 
- are obtained and. summarized in Table 1; 


= (2Rx + cack =Rsi- 
& fs — 3Rosi) z+ (Rsit+ 2Rosi) 
The curve of MR vs. x is also represented 


or CaO-SiO, glasses we have 
= Bay 2Rosica— Rsi — 3Rosi) x 
=e (Rsi aD 2Rosi) 


According to Pauling? Rsi is very ‘small 


0.23 4g 


0353. | 
rer, 


O2 OF OF 
; a (NasO molZ) 
ig. I 


€ Relation eae MR and x. 


Table I. é. ee th 


The curve of MR vs. x is also represented Stabe 8 apoleeaE : action 
: _by straight lines ‘having breaks” at 0.333 and a-quartz 7.180 3.568 
428. o-tridymite ARAMA S € 
‘or these glasses Rosi etc. can be calculated a-cristobalite 7.485 3.671 
1 the same way as we have described above, _ fused silica 7.447 3.682 
ch are summarized also in Table I. Cece ie. 
Table I. ens Pt a 
Nsi * 0.50~0.4385 0.485~0.40 0. 40~0.364 0. 364~0. 333 4. ii 
Na.O-SiO, { RosiNe © 4.771 - -  4.865_—= 4. 895. 4.898 si 
glasses [| Rosi 3.683 3.651 3.612 3.601 AIS 
Ca0-SiO, Rosica —** 4.579 4.652 4.703 
glasses || Rosi —* 38.711 3.662 3.579 


K,0-Si0, { 


at, 8, 3. Discussions of the Results. 


There are a number of ways in which aificoh 
_ and oxygens can be joined together into three- 
- dimensional structures. The structures of a- 
quartz, a-tridymite, a@-cristobalite and fused 
‘Silica are all alike in which each silicon is 


ar two silicons with the composition formula 


5.295 
3.639 


5.354 7 : a =. ils — 
8.602 .:.2giaeiricl aa 


sat {(20?-+8) /3}4 or { 


surrounded by four oxygens and each oxygen > 


SiO;. The most reliable “values 
of fused silica may be those 
may use the Lorentz-Lorenz’ 
mately using the mean refr. 


* Nsi is silicon oxygen, rati 

** In this range the glass 
homogeneous beh Phas but ‘i 
phases. 


Biieicagence of the crystal is not greater 
an 0.01 in refractive index. 

. _ Table II showes that Rosi in fused silica is 
the largest but rather close to that in a@-cristo- 
balite while Rosi in a-quartz is the smallest. 
The Si-O-Si bond angles determined by the 
_ X-ray studids are 144° in a-quartz” and 150° 
in a-cristobalite? and about 180° in fused 
silica”. a 
The oxygen has a tendency to have its two 
- valence bonds make roughly the tetrahedral 
angle 109° like in water molecules. It seems 
| -very reasonable to assume that as this bond 
angle is approaching to the tetrahedral . angle, 
that is, the covalent character of bond is the 
larger, the less polarizable the electron shell 
--of the oxygen is and hence Rosi decreases more 
and more. The tendency of Rosi in Table II 
' seems in agreement with this interpretation. 
On the other hand, a-quartz is stable at 
--room temperature, B-tridymite at high temper- 
ature (above 870° c) and (-cristobalite at 
higher temperature (above 1470°c) while a- 
--tridymite and a-cristobalite are the low 

‘temperature forms of -modifications. 

‘higher temperatures, the covalent character of 
_ Si-O-Si bond will presumably decrease. There- 

fore it seems very probable that fused silica 
has a structure similar to that of high-temper- 
ature form of SiO2, that is, @-cristobalite, and 
_ that £-cristobalite-like structure has been frozen 
before crystallization takes place. : 

In silicate crystals, at Nsi=0.40 ((Six0;) ~~) 

the SiO, tetrahedra arrange themselves in sheets 
just like in mica. 

From the length of the unit cell- and Si-O 
distance (1.62A) the Si-O-Si bond angle is 
calculated to be 134°. 

The fact that the values of Rosi. at Nsi=0.40 
in Na,O-SiO, and K,0-SiO: glasses are smaller 
than those at Nsi=0.50 (SiO,) indicates that 

‘Si-O-Si bond angle at Nsi=0.40 is smaller than 
180° and is near that in mica-like sheets 
-structures.. This corresponds to the assump- 
tion that in the silicate glasses the local arrange- 
ment of SiO, tetrahedra is a sheet as in mica, 
-.or a chain as in amphiboles ((SisOu)~~) or 
in pyroxenes ((SiOs)~~), or a ring as in 
-benitoite (( SisO9)7 7). 
Further we consider the break at Nsi=0.435. 


‘For. this case we may apply the treatment on 


- the immiscibility of glass by Warren”. Because 
ithe number of single-bonded oxygens is the same 


_ Structure of Silicate Glasses 


of the cube of the linear separation. 


At= 
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as that of sodium atoms, it is necessary for 
each single-bonded oxygen to bond to more 
than 1 sodium, in order that each sodium shall - 
have a reasonable number of surrounding 
oxygens. The distance between the two sodiums 
bonded to the same oxygen cannot be greater 

than twice the Na-O distance (2.35A). Fora 
homogeneous glass with atoms uniformly distri- 
buted, the volume of glass containing 1 sodium _ = 
atem (Vna) will be of the order of magnitude 


Vne= (2 X2.35)*=104A? 
If. the composition is represented in weight 
percents X of Naz:O and (100-X)% of SiO, 
and the density is denoted by p, the volume Se: 
of 100 gm. of glass will be 2 
Vi00 = (100/e) X 10*%A$ 
The number of Na atoms in i gm. of Na.O is 
given by 


Nya=(2X/Woe,0)X6.06X10% = 
The volume of glass per Na atom in A? is then be 
Vna= Vioo/Nna . 


For the range of composition of interest, @ om 
has an average value of about 2.4. Therefore 
X=21.7 wt% (Nsi=0.44) is obtained and is 
near X=23.5 wt% (Nsi=0.435) at which the 
break occurs as mentioned above. Considering 
this and the fact that Rosi and Rosina are both 
constant in each range of composition (see 
Table I), we may conclude that with the intro-~ Poa 
duction of NazO into fused silica, the cristo- — 
balite-like structure of SiO, changes partially to 
a more compact structure which involves Na 
ions and unsaturated oxygens, and that this 
change proceeds linearly with the increase Of 
Na;O content “and comes to saturate at the y 
composition where Na ions and unsaturated 
oxygens distribute uniformly, that is, at the | 
composition Nsi=0.435. With the increase Of 
Na,O content beyond Nsi=0.435, Na ions and 
unsaturated oxygens increase so that Na- ions 
can be surrounded by larger number of un- 
saturated oxygens and vice versa. In this case, 
it may be conceivable that the polarizablilty is 
larger because unsaturated oxygen is surround- : 
ed more symmetrically by the larger number 
of Na ions. This is the reason why there isa 
break at Nsi=0.435 in Rosi and Rosina and an 
increase in RosiNa with Na,O content. Thus 
the structure of Na,O-SiO, glasses the author 
studied before” is ascertained and developed. 


_ §4. Analysis of Na,O-CaO-SiO, and 

e? K.0-CaO-SiO, Glasses. . 

ie NasO-CaO-SiO, glasses which are the main 
components of the commercial. glass are re- 
presented by (Na:O), (CaO), -(SiO2);-2-» 
_ where © any y are the mole fractions of Na,O 
-and CaO respectively.. The molecular refrac- 
tion of these glasses is represented as follows. 
© MR=(1—2—y)Rsi+27Rnet 27Rosine 
i + yReat+2yRosica+ (2-32 —3y) Rosi 
= (Rsi+2Rosi) + (2Rna+ 2Rosina— Rsi 
pts — 3Rosi) 2 + (Rea+ 2Rosica — Rsi --3Rosi)y 
Calculating MR from the most reliable data of 
~ Morey and Merwin® and replacing Na,O with 
a0 little by little keeping each SiO, content 
constant, that is, changing fz little by little from 
) to l-c keeping SiO, content (l—r—y=e) 
onstant, it is found that MR changes linearly 
ith z and this linearity of MR holds for all 
values of c, : ‘ 
_ On the other hand, the molecular refraction 
of Na:O-SiO, and CaO-SiO, glasses are both 
linear with x and y respectively having breaks 
t 0.231, 0.333 and 0.428. Therefore the 
lecular refraction of NasO-CaO-SiO, glasses 
represented by the planes with the border- 

es at Nsi=0.435 and 0.40. The above fact 
indicates that (Rsit+2Rosi) and the coefficients 
x and y are all constant between Nsi=0.50 
os a 0.435, 0.435~0.40 and 0.40~0.364, and that 
Rosina, Rosica and Rosi at each composition 
range are the same as those for Na,O-SiO, and 
a -aO-SiO, glasses which were obtained in the 
__ preceding paragraph. In the case of K0-CaO 
coe ‘SiO, glasses the situation is the same. - 


Apparent Molar Volume. 


In Na,O-SiO, glasses when Na,0 is introduced. 
nto fused silica, we can observe a contraction 
_ in volume, which is to be considered that of 
ae the network of SiO; tetrahedra. This effect 
_ is like the selvation in aqeous ionic solutions. 


<> 


_ We can introduce the apparent molar volume 
-. (€MV)ar) which is defined by 
MV) ae ={(MV)—(1=2) (MV)sio,}/z (5) 
_ where (MV) and (MV)sio, are the molecular 
volumes of the glass and SiO, glass respectively. 


<MV)>ar in each composition range are listed 
in the Table III. 


_ This table shows that introduction of Na,O 


¢ 
. 


i Z into the cristobalite-like structure of SiO, glass 


‘ 
ok 


; which has large void causes a very large con- 
a F { 


aie 


_ hand, from reliable measurements of the te 


you ee Cah Se 
Table IT 


(oc) & 


- 


composition range (Nsi) | MV> ap 


17.40 


0.50~0. 435 

0.435~0.40 — -18.59°. 
0.40~0.364 20.25 
0.364~0.333 9 0 


22.48 


traction of network of SiO, tetrahedra, but the 
amount of the contraction becomes smaller with 
the increase of NazO content. On the other 
silicate glasses, Huggins has obtained the } 
factors cw (see his original paper) of each — 
oxide assuming the volume of SiO, network to. 
be that of fused silica. Uslng Huggins’ cx’s. 
we can predict the density of glass precisely E 
in the silica rich regions. (Nsi=0.50~0.445). — 
By simple calculations we can obtain <MV>ap, 
which are summarized in Table IV with the 
molecular volume of the oxide crystal 
(CMV>c ).. oo te Ba 1 
The abnormal small values of <MV>ar in 
BeO and Li,O compared with <MV>e indicate — 
that the solvation effect is very large, because — 
the ionic radii of Be and Li are very small. 
Table IV. Sele 
oxide <MV> ap <MYV>c | oxide My>ar MY>o 


Cc. .e. C.c, CC. 
lii0 7.8 14.8 | CaO 10.3 165. | 
Na,O. 17.4 27.8 || moO i ° 145— 

KO 31 40.6 | SO 15 22.1 = 

RO 44 50.8 | CaO ~12 ~~ 1g 
BeO 3 8.8 BaO , 16 26;8° 
MgO) 9:4" D1 PbO. 10.9" 98 .B8#*) os 


? 


% . ; 
§6. Apparent Molar Refraction. niet 4 
Introduction of Na:O to SiO, glass cause’ a _ 
decrease in the refraction of the silicon-oxygen _ 
network. In analogy with the apparent molar 
volume we can define here the apparent molar — 
refraction, Cae As 4 By he: ees 
— <MRDar={(MR)—(1—2)(MR)sio,}/r 
where (MR) and (MR)sio, are the molecular 
. eae 4 2 Set os 
refraction of the glass and Silica glass Fespi 
* The author calculate from the data of Larser 
(Am. J. Sci. 28 (1909) 268), 
_ ** The author calculate from the data of K 
(Z- anorg. allgem. Chem. 241 (1939) 1), 
*“** This value is that of litharge, 


ES of ‘ised silica, Pyoane! and Finn™ and 
Huggins’ have obtained the factors of various 
‘oxides from reliable measurements on various 
‘silicate glasses. Making use of these we can 
predict the refractive index of glass precisely 
particularly in the range of silica rich. On 
the other hand, we have 
n,—1 ae ee UY Np 41 

RS nz+2 pe p Ny +2 2) 
Now we consider only the range of silica rich, 
that is, the range of very small value of 7. 
~ Then mp in equation (7) is nearly equal to that 
_ of silica glass (1.4585). The factor (mp+1)/ 
(3, +2) in equation (7) only varies 1.57% when 
Mp varies 2.5% from the value of silica glass. 
_ Therefore if ‘we ladopt 0. 596 as the value of 
- (mp+1)/(n5+2) which corresponds to np = 
: 1.4585 and multiply this to/(7»—1)W/p, we can 
os obtain the molecularr efraction by the Lorentz- 
— Lorenz’s, formula within an error of about 

— 0.5%. From the factors of Young ane Finn’? 
which is represented by weight percentage and 
_~ the Huggins’ factors ax (see his original paper ) 
"Wwe can obtain <MR> ap for éach oxide and the 
‘reduced apparent . molecular refraction ’ 


<MR, ap which is defined by (1/m)<MR>ar | 


when the oxide’s formula is represented by 

M,,On, considering the quantity per equal 
- number of oxygen atom in 1 mol of the oxide. 
In Table V <MR,>ar is summarized. 


ieee Table V. 
i oxide <MR,>aP_ - | ~ oxide <MR,> ap 
BAO co i6 BO PriOs 9.39) 
<=: . Na,O 7.18 Nd,O3 9,22 
P+ KO: 11.4 6m,0; 9.01 
po = Rb,O 14.8 Er,0; 9.12 
= Cs,0 20.8 Gd,0; 8.91 
BeO 3.51 TiO. 7.45 


7.67 
8.19 
8.90 
5.20 
6.74 
3.42 
7.28 
7.06 
Sb,0; 7.28 
6.99 
6,54 
6.97 


5.09 
7.54 
7.27 
9.83 
9.4 
11.8 
16.9 
4.24 
5.69 
7.42 
7.60 
9.44 


MgO 
CaO 
ZnO 


2 
2 


Structure of Silicate Glasses 


The diagram of CMR,-Dar vs. ‘serial number? 
of the Periodic Table (Fig. 2) shows that in — 
the higher range than serial number 4, two 
subgroups of each valency belong to different 
straight lines, that is, the subgroups which 
belong to the ‘non-rare’ gas type ion lie on — 
straight lines which are distinguished clearly Wy 
from those for the ‘rare’ gas type ions. This. a 
indicates that also in the silicate glasses there ee 
exists a relation between the “‘solvation’’ effect. My 
and the periodicity of atoms which is well — 
known for the molecular refraction of aqueous = 
ionic solutions. tect a 


8 10 2 a ee 
. ‘serial number 
Fig. 2. Relation between «MR, ap and ; 
‘serial number’ of the Periodic Table. 
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On the Magnetic After-Effect due to the Irreversible =» oe 
. ° 1. x A. rh nha 
. Displacement of the Domain Boundary (III). ae ae 
By Seijiro MAEDA, re 3 
The Research Institute for Iron, Steel and Other Metals. = Sa 
Tohoku University, Sendai SA 
(Read, November 1950; Received April 16, 1951) a ea ae 
The magnetic after effect of C-Steel was measured in the cases uf constant = ig < = 
: initial field, (saturation field) and various values of final field which cor- . t 
223 respond to various points on the descending branch of the magnetic hyste- 
resis curve. The amount of after effect observed was larger than that of Coe 
Cr-permalloy reported in the previous papers and the various forms et dant. ae *3 
th ing characteristic curves. were obtained. The form of Bn(t), the total =| Sra 
BE der change of magnetization during the period from ¢ second after the instant a eRe sa) 
ae of the field change, shows a slower change than B.t)<1/t, for the final  — oS i s 
a fields stronger than H;(max), for which the after affect takes a maximum 3 = <4 
f walue, and rapid change than that of 1/t law for the values of Hy smaller < tS _ KS 
than Hy(max). Furthermore the form of Bat) was changed sensitively a “4 
BBall by the chanze of temperatures and tensions applied. However, it was eee foe 
found that these features of the characteristic curves of Ba(t) were ex- — A aes he 
plained well quantitatively by the model based on the irreversible’ disp- At ee vey 
f Jacement of domain ign oui According to the theory Batt) was saab fae © es ae 
Bi{t)= ior [Htme dt ate a : : as 3 

where k, D and a@ are constants and B( Hom) is an amount which depends as . one 


on the form of the magnetic hysteresis loop of the Speen th: 


dais substance differs formally fen that c 
permalloy. ~ In’ this paper the expe 
Re Ps ee. the author has made an observation results obtained are described and a 
ae on the magnetic after-effect of Cr-permalloy discussion on the results is given based 
under different conditions and > has propounded model spac above. ey oF 
“a mechanism for the magnetic after-effect - ay 
_assuming that irreversible displacement of the 
~ domain boundary with very small displacement 
elocity takes place at different regions in the ane Osher Metals, Tohoku Univers y. : 
medium. Subsequently the Author measured Rasiett ens cop Bossaatn part by the Gran 


fundamental Scientific Ri 
he magnetic after-effect in carbon-steel and Education for 1950. Pompeii ee 


Magnetic after-bffect of the Tron a 


¥ > . = 


_ Experimental Arrangement and 
Results Obtained. 

e. : Since the method and, arrangement were al- 
a most the same as shown in the previous paper, 
the description on them was omitted here. 
The specimen under measurement was a wire 
of carbon steel with carbon content about 
0.03%, the length and diameter being 60 cm 
‘and 1.2mm respectively. After annealed at 
950°C for 6 hrs in dry hydrogen atmosphere 
and cooled in the furnace, its magnetic hyste- 
: resis curves at different temperatures were ob- 
- tained. as shown in Fig. 2. ys 

SS _ The measured quantity under question is the 
total change of magnetization B,(¢) during the 
- period from ¢ seconds after the sudden change 


Hi =50 Ge 


+ 


Sodioee 


al - 


t 


cers 7 
(sec) 


O03 


‘Fig. 1, Curves of Bn(t) vs t for various Hy 

z at, —195°O. . een 
-. of magnetizing field from initial field H, to 
final one Hy. Fig. 1 shows’ relation between 
- B,C#) and tat —195°C, boiling point of liquid 
nitrogen. In this case the saturation field H; 
was chosen as initial field H; and the various 
it fields which correspond to any points on the 
= descending branch of the hysteresis loop was 
taken as final field Hy. For the sake of 
convenience, Bro, the value of B,() for 
_ £=t=1/100 seconds was chosen as a measure 
“of an amount of the after-effect. As can be 
‘seen from the figure, ratio of the maximum of 
a4 Bs to B;, the ‘saturation value of induction, 


“ 


- was score times larger than that in the case > - 


inclination smaller than minus unity and that — 


- tion of the curve of log B,CE vs logt became 


of Cr-permalloy and the form of B,C) differs 
widely by the values of final fields Hy. There ~ 
appeared B,,. firstly at Hy=—0,35- Oe and — 

increased rapidly with decreasing HA; and then | 
showed a maximum value when A; was about — 
—1.4 Oe. In such a range of field the curve — 
log B,(t) versus logt was composed of two 
linear parts, the part for smaller ¢ had an 


for larger ¢ followed approximately the law of — 
1/t. The joining point of these two parts in a 
curve of B,(f) displaced to, smaller values of — 
¢ with decreasing Hy. Bro showed a maximum — 
value at a field Hy (max). If Hy decreased 
beyond Hy (max), the joining point displaced — 
out to the .range of observation, and inclina- 


larger than minus unity. In this case the 
duration of the after-effect extehsively shorten- 
ed, for example, when AHy=—3.15 Oe its in- 
clination was about —7 and the period 0! 
duration was about 0.015 seconds. 4: et 
In Fig. 2 the hysteresis loops and curves © 
Bno against Hy at temperatures of 950°C, 18°C 
and —195°C are shown. As can be seen from 
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Fig. B-H curves and Bio — Hy curves at 


different temperatures. \ 


the hysteresis loop at —195°C, the magnetic 
induction B is practically regarded as a con- 


stant-value in a range of field from H; to 
_ —0.35 Oe and commences rapid increase with eater Hehestor of that at - ] 4 
an almost constant value of |4B/4H) as soon curves for the values of final fields whit are 
as the field decreases beyond —0.5 Oe. This larger than H;(max) became so smooth that — 
. rapid decrease of B finished when the field the joining point ‘which appeared at —195°C — 
ecreased to about —1.4 Oe, thereafter it ap- was not observed practically, and for the 
roached gradually_to the saturation value. smaller values of final field than Hy(max) no a 
; On the whole, a behavior of the change of change was observed in the characteristic curve “4 
w against field Hy was similar, to that in of B,(£) vs ¢ at temperatures of 95°C and — 
ermalloy. However in the present case. —195°C. ; ee 
no WAS not only proportional to the value Next, the after-effect was icidanivadk under 
4B/AH\ . at the final field Hy, but also the condition that the field was not changed ic 
nds on the other. factors. For example, ‘instantaneously from H; to Hy. It was made — 
95°C the value of {4B/4H| was almost to rest for one minute at an intermediate field _ 


nstant in the range from H;=—0.6 Oe to H, and then it was suddenly changed to Bees eet 
- while Bro rapidly increased with final value Hy= —0.70 Oe. > 


: ; oe time - 

seen from the hysteresis loops, B, decreases Bult) ay Tay a ta. 
Ily with ascending temperature, but the Weass . i Ht=-0700 de ; 

e force at 95°C was larger than one at 27 A0F ve x 

Generally Brno decreases with ascending Aces 

nperal ature as reported 1 in the previous paper, 


jan aoe at 18°C for the range of final 
ss than —1.0 Oe.’ The curves of B,C) 
zal st Z at 95°C are shown in Fig. 3. At this 


ee Gy. Hi = 50 Oe 
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bkes 4. Curves of B,(t) vs f for various 
Hm 3 at i af One 
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In Fig. 4 are shown B,(t) curves for the 
various intermediate fields H,,. As can be_ 
seen from the figure, B,(f) was affected in- 

. . .tensively by “the intermediate field Hj, in th Ph 
present case. In the case of Cr-permalloy _ Be 4 
such an effect ‘was not detected as described _ Z 

in the previous paper. The amount of the in- — 
fluence of H, to the after-effect increased with 
decreasing Ay— Hp, . The characteristic curves 
of B,@) vs ¢ under the influence me. sig’ 


00/ as” Ol Re ieQk aches diverged from that. without the rest at inter- 
t (see) mediate field for smaller value of ¢, ba for 
- Curves of B,(t) vs t for'various larger values of t both curves coincided. - 
Hy at 95°C. é 


In Figs. 5 and 6 are shown the | curves: of 
B,{t) vs t and B- -H, Brno ~Hy under “a ten i 
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Fig. 5. Curves of B»(t) vs ¢ for various 
Hy under a tension of 8.85 
kg/mm; at 18°C. 
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Fig. 6. B- -H curves and curves of Bno Us 
aaa Hy under a tension of 8.85 kg/mm? 
as ‘and without tension, “ Bae: 


. i ‘sion of 8. 85 kg/mm? ‘respectively. As the 
_ Specimen had a negative magnetostriction con- 
_ stant, the coercive force increased -and the 
slope of hysteresis loop diminished by appli- 
is cation of the tension. The kneel point of the 
se descending branch of the hysteresis loop-dis- 
appeared in this case. As can be seen in Fig. 

3 6, the amount of after-effect became about. a , 
4 "half value of that without tension; this is a 

+ pxeneral character in the case of a specimen 


‘than H;(max) follows the law of 1/t appro- — 


‘final field smaller than H;(max) the slope be- 


occurs. 


the maximum critical field are Hom, by as 


that @(Hom) is equal to |4B/4H| along the 
Parameter :@ isa velocity — 


with negative magnetostriction constant. — The i 


curve B,(¢)—¢ for the various final fields larger 


ximately as shown in Fig. 5, when tension 7 alg 


did not act. 
It deviates ‘widely from the law and for the — 


comes greater than minus unity as in the case — _ 


without tension. 


§ 3. Discussion on the Experimental 
Results. 

The experimental results mentioned in the 
last section is also well explained by the 
theory propounded previously by the author. 
According to this theory the displacement of 


the domain boundary proceeds very slowly at 4 E 
the special regions (length D) where the dif- 


ference between the applied magnetic field Hy 
and peak value of critical field Hym is very 
small. Thus the retardation of magnetization 
from the change of external maghetic field — 
According to this theory the formula — 
for induction change B,(z) is given by 


B= "e oe oe. BCH) /Cat 


field change JH; and it is assumed, basing oh 
the reason described in the previous paper, 


hysteresis loop. 
constant. The relation Hom and ¢ is given By 
the equation 

{= D/[aCHy— Hyp). @ 
The value D/a in this equation is calculated — 
from the relation given in the previous paper 3 


ty=D/(a4H), 
and. in this case the range of Ao, correspond 
ing to a time interval from to= 1/100 seconds — 
to co is JZH;. Now the curves of BCAom) cal- 
culated from the hysteresis loops at 95°C and — 
195°C aré expressed in Fig. 2. Therefore 


B,(t) is computable by Eq. (1) using ‘the ob-=. ~ 


served |4B/4H| and adequate value of kD/ay 
The value of AH; is determined from a reac eee 


ment of the effect of intermediate field as” <a 


given in the following pages, and as the value 


of JH; 06 Oe and-0.35 Oe is chosen for : 


—195°C. and 95°C respectively. The calculated 
curves of B 2(t) for various values of Ay at 


Balto 
10°Gauss 


oe wee C) 


FA Fig: 7. Calculated curves of Bn(t) vs t 
y for various Hy at —195°C. 
- BHy = 0.35 0¢ 


g — 195°C are shown in Fig. 7. . As can be seen 
_ from the figures, the theoretical curves for 


observed ones. However, the curves for smaller 
values of final field than H;(max) show smaller 
inclination than that of observed one, and as 
shown in Fig. 9 the calculated value of Bno 


: Ay than the observed one in same range of 
final field. The cause of these discrepancies 


be taken into account in the calculation, of — 


_ will approach to the observed ones. The join-— 


1 


_B,@ coincide well qualitatively with the 


shows more rapid decrease with decreasing 
-Teasonable that Bno takes a lai 


|4B/AH) takes larger values | 
the rotation ranges of magnet 
a correction must be added on-the value of ~ 
BCHom) above obtained, Next, the value of 
ZH; is considered here as constant for all 
the values of final fields, however from tl 
observed dependence of B,C) upon Ay, iti : 
concluded that the value of AH; increases with — 
decreasing Hy and this change of JH; must — 


B,(t). With these modifications on bot 
8CHom) and 4H; the theoretical curves of B,C) — 


ing point in the theoretical B,(¢) curve at los 
‘temperature is due to the rectangular form.o 
BC Hom), but with the rise of temperature the — 
form of 8CHom) becomes smooth one gradual- 
ly, and hence the knick gradually disappears; — 
compare Fig. 7 (low temperature) and Fig. “8% 
(high). As the amount of By» is given by Eq. 
(1), the character of its dependence on tempe- — 
rature is determined by that of both ZH; and 
BCHom). In general, Byo diminishes due to the 
strong decrease of JH; as shown in the previous.” 


Bao its 2 


-350-3I5  -245 “15 “105 ~ 
He Oe Tee “ae ee 

Fig. 9. Calonlatod curves of Bao v8 Hy at 
, 7195°O. and 95°C, 0" o> eae 


paper. In the present case, the va 
at 95°C for the final field smailer th: 
Oe is larger than that at 18°C 
2, and if the change of BCHom) is 


that of 4Hy at both temperatures, then 


‘Such a range of Hy at 95°C 


1en Ge magnetic field is maintained at H,, 
sufficiently long period, all the domain 
oundaries for which H),, takes smaller value 
than #H,, displaces irreversibly and then the 
orm of B,(2) shows ‘the same characteristics 
those for the final field H;,,. If the external 
agnetic field changes subsequently to H;, 
he changes of B does not occur in this case for 
e period from Zp to ¢,,=D/aCHy—H,) because 
he domain boundaries which have displaced 
lready at the intermediate field H,, do not 


changed from H,, to H+. Therefore, the values 
of B,(t) for value of ¢ larger than 7, coincide 
that of the normal after-effect. If the dif- 


value, then the characteristics of B,(t) and 
‘the value of By. approach respectively to those 


vanishes when the difference H; and H,, is equal 
to or greater than JH; , and therefore, the 
value of AH; f can be obtainable. The value of 
BS AE is about 0.6 Oe for the Ay field id Hy= - 


ntribute to the after effect when the field is) p 


ference Hy—Hm and JH; takes a smaller — 


of the normal after-effect. The effect of Hn 


0. 70 Oe and shows a tendency of increasing ‘ 
with decrease of H;. bug 
According to the previous paper the value of ; 


4H; is considered as almost constant in the 
small range of tension above mentioned, then 
Bno is strongly decreased by the tension appli-. 
ed due to the decrease of 8CHom) as shown in — 
Fig. 6. The curve of B,(¢) vs ¢ for the final 
field larger than Hy(max) becomes smooth 
because the form of BCH nm.) becomes smoother 
than that without tension. The form of BCApn) 
for the final field smaller than AHy(max) does 
not differ remarkably from that without tension,~ 
therefore, it is also expected that the form of es 
nit) does not change by the applied tension. — 
As stated above, the experimental results” mg 
shown in Fig. 5 coincide well. with theoretical 
results. 

This investigation was carried out under the — 
supervision of Dr. T. Hirone, Professor of | 
Tohoku University. 
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a year, Cowley” determined - the short 
: ee order Tag so aes for sites of various 
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‘The Short Range Orders in Cu;Au. 


ane ? For an alloy « of face loaned cubic lattice consisting of A and B atoms 
# present in the ‘proportions 3 and 1, the short range order parameters for 
eee - ~~ the sites of various distances from a given atom are calculated using the 
- assumption of: the nearest neighbour interaction at the temperatures above 
Curie point. The experimental results, especially the short range order 
ies : parameter for 3rd neigbour, which is inconsistent with the result obtained 
oe Sosa, L DY,: Piee eee 7 Le aa are eae qualitatively in this 


_ perature. 


’ that at perfect disorder. 


“Tf an Au atom is taken as origin | bs ; 
and its site is tentatively named as 8 site (see “yg 
Fig. 1), then Ist and 87d neighbours are a 
sites and the probabilities that these sites are 
occupied by Cu atoms would be greater than 
In the same way, 


5 (0, 3a, a) 


“a 


/ 


attics is Ris ene 


f = 21 exp ¢ 7K, Paint Clem) . 


' MM 1+ pir) ? 
K=]/2kT, C=mH/kT, 
«=tanh K> y= tanh C, 


~ loping the ‘frottiae we 
terms up to «*, which are do inan for 


Pigs ie 
O ao site [] Bf site 
-1 (0, a, a) 6 (2a, 2a, 2a) 
2 (0; 2a, 0) 7 (a, 3a, 2a) 
3 (a, 2a, a) : 8 (0, 4a, 0) 
4 (0,2a,2a) 9 (8a, 3a, 0) 


10 (0, 4a, 2a) 


‘greater than at perfect disorder. According 
owley’s experimental results, however, the “The ‘probability that an catora tonne ae i i 
site to above appreciation, though the 
1ations as regards 1st and 2nd neighbours 


- 
* atom on the site is certainly an Au atom 
Using (4) for y, f (Au)/f is certainly 1/4, 


Eth ‘thie pair eae Au-Au and Cu-Cu 
enoted by J/2(J>Q) respectively and that — 
u-Cu be denoted by —J/2. If we intro- 


llel to the field. We can regard the system 
an Ising model of ferromagnet. Let each 
f spins. be capable of two orientations which 


Cu (Au,Cu) = Ss pate oe hy 
Sr Sah + BE oko 


Cus Au,Cu) =F, 
we characterize by M=+YV ~4=—1.- The par- CulAu Au)==0 
Cys Au,Cu) aac 
= (cosh K)" (cosh C)* S31 (1 —[ifejK) 
s oe Pam IS SO Ae Mes Stes 
Curl Au, Cu) Se 


: Ca Ai, Au) 3g - 


seCr ete as following, | i aide. | 
f* ¥ = 2(cosh K)*(cosh C)(1—- Be 68e%7 | 
—51K?74— 8x3 —702K37?2+ 160474 
—914K87*.. ye 

The mean magnetization M/N is "a 


0 - 
M/Nm= aC — log f 


=7—12 ert Ley $1307 — 408 | 

+ 276x77* — 14045 pi teas a 
157520779 +7752K877 (= 

This is taken to be 1/2 because the concentra= | 
“tion ratio have to be. 3:1. We expand 7 to 
the positive power series of « and from ay 
we determine the coefficients of each terms as 
ollowing, 


as 


» 4 
+5 


ioe 
EO Be @ 


an-Au atom, is f(Au)/f, where f (Au) is a : 
partition function to be taken over the configu 
rations allowed by the restriction by which ne 


which is of course the probability. to be in Pro: 
portion to the concentration ratio. Thus i 
this magnetic field (5), the. concentration ratic 
is really kept as 3:1 at any temperature. oe 

The correlation probabilities are calcul: 
in the same way as in the reference @, 


ete field this time. The Zeit are follow 


CAA ated 


OWA cw) = age 


ty which Au Aas is on- Oth site and at 
ie same time Cu atom is on a site. of the nth 


a the number of Cu atoms on a site etc. 
: re » denoted by [Cu on al etc., those ~ are 


[Cu on aj=N +35), \ 


[Au o on al= 75 3- 3S) 
[Cu on = 75-39), 


[Au on BI (7) 


MO i. 


oe : fh. ; 1 
& 16=° wet = cn Ay 
“By the similar consideration, 
. Ese ng( Att, Au) < aS (9) 


“When the temperature is high enough and 
power series (6) are of better convergent, the 


of «, because « is in proportion to inverse 
As easily seen from (6), in Cos 

(Au,Cu) and Co(Au,Au), these lowest power 
terms are of negative signs, so Cy3( Au Cu) 
and Cys(Au,Au) are out side of the limits of 
(8) ‘and (9). This theoretical result may be 
[responsible fe soHley Ss. Sly uate The 


~y) connection. 
-Au atom, x site may be occupied by a,.Ca™ 


principal term except I is that of lowest power . 


~ reason of this fact can be understood as follows. . 
‘For example, in Fig. 2, between Oth site and ; 


3rd site, there are one atom (denoted by x) ; ge 
connection and two atoms’ (denoted by x and (i 
If Oth site is occupied by an : 


atom with higher probability than by an Au 


atom and this Cu atom rejects a Cu atom so 


strongly from 37d site that the effect of two 
atoms’ connection which has a tendency to let - 
8rd site be occupied by Cu atom is yet insuf-~ 
ficient. Generally speaking, correlation proba- | 
bilities are more dependent on the number of 
connecting atoms between them than on the 

mere shell number of neighbours. 


- The calculation for low temperatures is also. S 
possible, but it would not correspond to the 


phases. 
' The author wishes to express his acted | 
thanks to Dr. G. a Wannier for Stina Nee 


cussions. 
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impact. 


standard. references, 


oe diffraction, the wave-length must be 
m sured by some means for each experiment. 


2d sin@=24, assuming the 


2 relative value of spacing of a test specimen 
: compared with a certain standard substance. 

Gold foils, smokes of metal oxides. (ZnO or 
MgO) and evaporated alkali halides (NaCl) 
were proposed ‘to be favorable for the ee 
e There is a serious difficulty, however, that 
of these substances is not in accordance with 
that of X-ray values. 
_ Fordham” found the lattice constants of several 


than the corresponding X-ray, values taking 
gold as the standard, though Boochs™ found no 
fi ake : 


by Means of Electron Diffraction.” Se eee 
.. Lattice Constant of KCl Referred to Au. A : = aes 


- By Norio KATO. in ) : | 
Physical Institute, Faculty of Science, Nagoya University. ieaue: Japan. 7 | 
(Received Mer 10, 1951) : at ; & = 


The experimental method aopted was the same as that of Finch and— 
Wilman.- The following effects which might cause errors in the measure-~ 
ment were either eliminated or proved to be of negligible order; (1) inade- 
quate setting of specimen of photographic plate to’ electron beam, (2) re = 
fraction, (3) charging up of the plate, oe temperature elevation by electron- _ oe 


With beaten aela foil or evaporated gold film annealed at 300°C as tha WR ata 
the following results were obtained on the lattice con-— 
stant of KCl in both cases; (1) with KCl films immediately after prepa- — 
ration by vacuum evaporation, it was -+-0.3~0.1594 
value, (2) by exposure of the film to air, the deviation decreased to a 
Stationary value of +0.15% aud (3) specimen prepared by precipitation Aire 
from aqueous solution showed the above stationary deviation. 2 q Shas 


ray value of spacing, d. (A: the wave-length, 
the Bragg angle.) This amounts to measure — 


_ the ratio of lattice- constants thus determined 
. For example, Finch and 


alkali halides to be larger as much as 0.5~0.6% 


502 hams 
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* 


larger than the X-ray ane 


discrepancy piovsed: the specimen was | com- 
posed of fairly large sess Similar « S: 


non stoichiometric nature of BS. ine 
the case of a pair of gold and alkali ha! 


the Fag to be ertti of. caeitad th 
the experiment was not carried Om with 


§ 2. aebhecinegtal Method a Der 
of Lattice Leese , 


ol 


experiment, because it ‘seems be fr 


hd Now at Reka ast y 
search, Ee “Tokyo, Ja; 


asm IL amount of KCl 0 on Sold foil 
= It ‘was mounted — on the specimen 
of a diffraction camera, and, using 
mission method, superimposed Debye- 
rrer rings of the two substances were ob- 
ned by a single exposure. The equipment 
ised was the one of camera-length 15cm. de- 
igned by Uyeda'!®. Though it was too small 
- the present purpose, the electron beam, 
ussed by a Wehnelt cylinder and a magnetic 
S, was’ sharp enough to obtain. good photo- 
‘graphs on which the ring diameter was measur- 
d to 1/1000 mm. a 
- Calculation of lattice spacing ‘from a superim- 
sed pattern was performed as SOHONS: 
om Bragg ‘formula je 6.3 


ee 2d sind=2, (1) 
d geometrical relation — 
SDs 21. tan. 0, (2) 
e obtain 
’ 2L A= AD(cos 20/08 8), @ 


‘deduced. Es (3) from the measured value of 
: D for the standard substance, because no accu- 
tate value of 0 is required to calculate the 
term in the parenthesis. Using ‘the mean value 
LA deduced from the standard substance, un- 
known spacings of the test” substance are calcu- 
lated by (3) in the reverse way. 


$3. Specimen. — 


sample, commercial beaten foil and that in a 
form of wire, were used. The spectroscopic 
analysis showed that the former contained a 


considerable amount of impurities, Si, Mg, Ag 


and Cu, while the latter only a trace of Ag. 
Their lattice constant was measured by X- 
: rays” following. the extrapolation method of 
Bradley and. Jay’. A camera of diameter 
-7cm. calibrated with quartz powder was used 
and copper was selected for the anti-cathode 
to facilitate the extrapolation. The results of 
measurement, corrected at 18°C, are given in 
é Table. I. The value ofthe wire sample coin- 
cides well with that cited by Wyckoff”, while 
that of the foil deviates a little from it. 


Foils were prepared from “the wire sample ~ 


by evaporation in vacuum and they were an- 
-nealed at 300°C for 1 hour. Both sorts of foil, 
“the beaten and the evaporated, were etched 
by KCN solution to have suitable thickness for 
d oe specimen. In’ all the following des- 


In the present experiment, two Sans of gold | 
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Sano. gold is assumed as the standard and 
the lattice constants given in Table I are used. 

Two sorts of KCl sample, both extra-pure 
chemical reagents, were used; one produced 
by Merck (German) and the other by Konishi 
(Japanese). Their spacings were also measured 
by X-rays in the same method as above, using 
nickel anti-cathode. The measured values of 
both samples were in good agreement with 
that cited by Wyckoff!” as shown in Table I. 


* Table I. X-ray value. 


| KCl Au 


Wyckoff 6.2770 | 4.070 


Merck | Konishi} Wire Foil 


. Present 


6.277 6.277. 4.070; 4.0719 


results - | --0.0008/=£0.0005 |=£0.0002/£0.0015 ~ 


KCI was deposited on the gold foil by two ao 


‘methods: vacuum evaporation and desiccation. —— 
The former was carried out under pressures 
of 10-*-10-4mm. Hg using tungsten or mo- “= 
lybdenum filament. The latter was attained by © 


floating a piece of gold foil on saturated KCI 
solution, scooping it up by a spiral of gold 


wire and then desiccating rapidly pbowe ane. 


electric furnace. 


AY 


§ 4. Causes of Error. i 


(i) Probable error. An example of data 
is givenin Table I]. The probable error of the 


lattice constant determined from each photos 3 


graph is about ou 002 A. 


Table 11. ‘An examp!e of calculation. 
(hkl)au L’ACA-mm) (hkD)xir aC A) 
Wait. 42.6424 200 6.286, 
200 17.6695 220 6.2807 
220 17.654, 222 6.2745 
=~ 81t./< 17.642, 400 6.278, 
222 ~~ 17.6495 420 6.282, 
331 17.6725 422 6.2825 oe 
420 17.6574 440 6.2965 ‘ 
492 «17.6585 600 6.276; 
333 17.6515 620 - 6.278, 
640 6.2825 
Average 17.655; Average  ' 6.2823 
Probable 0.0025 Probable +-0.0015 


error error 


Gi) Effect of unfavorable geometrical ar- 
rangement. When the incident beam does not 
impinge perpendicularly on the photographic 


= 


oy ai 
Sipe NAS 


ae 


Se 


BI Ege od) 
ee eee 


Te 
2 Si, 


“ 
, 


Fi,< 


plate and the ring diameter is not measured 
_ rigorously through its center, Eq. (2) should 
be replaced by : 

y D=2L tan20.1+A+B+OQ), 
where A=2(a/D)*, B=sin¢-0-(a/L) , 
— C=(1/2) cos? yd? . 

7 he meaning of the notations is illustrated in 
‘Fig, 1 
oe error due to Ais eakily detected because 


(2) 


against the corresponding diameter when a 
not small. Data with such a variation were 
: dis rded and the measurement was repeated. 
; cross term Be is negligibly | small. 


Pic Ill, when Z’=L(1+C) is taken as 
effective camera length, since C is in- 


ese errors is an advantage of this method 


Table III. The result of measurements along 
two different diameters perpendicdlar to each: 


- Diameter ; 


L’i(Aemm) aCA) 
ao} ed 
ead 17.643 6.283, 
2 17.656 6.2822 
- Difference 7.3X 10779 0.8 10-29 


 Gii) Effect of refraction. Since Bragg 


ie theory, it is not accurate and the refraction 


3 similar, 
‘The 


ared with that of Boochs and of Ried- 
0) oi ay 


fee up on the eras plate. 


formula (1) is deduced by the kinematical — 


it is not negligible i in caeciatganeite! as. 
as the present experiment, it should occur , 
a symmetrical way around a normal positior rr, 
of ring predicted by (1), provided that the eo 
orientation of crystallites is at random”. Ther 
fore the correction is unnecessary. ‘ 
(Gv) Effect of charging up on photograp 
plate. In an early stage of our experiments, : 
the value of 2Z2 showed a variation as" show! Ge 
in Fig. 2. The form of the curve was always. 
though the magnitude | of variation 
was not the same. The similar phenome 
was reported previously -by Cosslett™, 2 
interpreted it by assuming a certain cont 
of lattice. near the crystal surface. His” jinter- 
pretation, however, is not. EE’, for he 


sy “The value calondarsa cite corathe 
Sere te the lattice parser wa 


The value — ‘paloslatea ae “Aerie 


assuming the heaneee Cost: rt wo! 
4.070 A. =e Pas 


—: The curve. caleulated from } 
the text. Ea in ; 


gelatin film of the plate. is a 


the diffracted ‘Beams, > Aaa 


plate of diameter Do whose riphery is 
ground potential, an approximate calculat 


gives the. deflection, AD, as 


* a = 


ae with that of Fig. 2, and a set of reason- 
ible values: I,=10-° amp a= 102 ohm 
‘cm, ¢=0.1mm. and B= 4x10* volt predicts a 
Fetion which agrees with the observed one 
in the order of magnitude. 
E This unfavorable effect was fortunately avoid- 
: ed by using photographic plate provided by 
another maker. All the following results were 
obtained with such plates. 


a (v) Effect of retardation of vieeinans in 
“specimen. A calculation of the retardation of 
electrons in specimens from the Whiddington 
constant’® shows that it is negligible.. It may be 
worth while to note that the electrons which 
‘suffered inelastic scattering in a specimen are 
ineffective to coherent patterns such as Debye- 
Scherrer rings. 

= agli the present ee crinene however, a pair 
of photographs, in which the beam is pene- 
| trated from the side of KCl to Au and in the 
- reversed sense, were taken in every case, but 
_ no systematic eee was observed between 
them. a 


(vi) Effect of temperature vise dae to elec- 


tron beam. The thermal expansion coefficients — 


~ of KCl and Au are 8.8x10~* deg.~1 and 1.4x 
10-* deg.~*_ respectively. Then, a tempera- 
‘ture rise of about 30°C should result in a vari- 
ation of 0.1% in the ratio of spacings of these 
substances. Therefore this effect must be 
‘studied with a great care. As the temperature 
; of the irradiated part of the specimen is hardly 
p ‘measurable, the law of cooling and heating 
“was used for the test. When the specimen is 
‘irradiated, the variaton of its temperature JT 


“may be expressed, under a certain approxima-" 


vs Bi Bees (k/a) Io{1— —exp(—at/c)}, (5) 
- where Jo is the intensity of the electron beam, 
aT is the rate of heat loss and Ad that of 
heat production in the specimen, c the heat 
. capacity of the specimen and ¢ the time of ir- 
radiation.Using the data of stopping power of 
electrons and heat conductivity of gold in bulk 


tion 


state, the temperature rise for t= is esti- - 


mated to be 0.3°C at most under the conditions 

of the present experiment. Although this value 
' shows the effect to be negligible, an experi- 
mental proof is desirable because the estima- 
_ tion is very rough. 


‘Measurement of Lattice Constant 


When c/a is small, JT is proportional to L 
as pointed out by Pickup®. Numerous experi- 
ments were carried out with various /o in wide 
range such as 1: 100, and no effect in the 
lattice constant ratio was observed... If c/a is 
large, however, the above proof bails, because 


the mean value of JT during the time of ex- | 
posure, ¢, is expected to be constant provided 
the value of Li to be the same, and, usually * 
it is adjusted to have an adequate exposure, — 


Taking this fact into consideration, numerous 
photographs were taken under various condi- ar 


tions; in some of them, exposures were made — 
after an intense and long irradiation and in © 


the others, they were done without any previ- 
ous irradiation... No effect, however, due to 


the previous irradiation was found. Therefore. 


it is believed under the conditions of present 


experiment the temperature rise is negligible 


as estimated above. 


(vii) Effects of charging up of specimen. nS 
‘Charging up of the specimen must have in- 


fluence on the lattice constant in some ways. 


One of them is the electrostatic repulsion in a ‘ 


crystallite which may enlarge its volume, 1.€. 
the lattice constant. Another is-a strong elec- 


tric field between the layers of Au and KCl | 
Although | 


which may accelerate electrons. 
rigorous estimation is not possible, the crystal- 


lite would break down if such an amount of — 
charge is accumulated ina crystallite to cause — 
the apparent change in lattice constant of -ca. — 


0.1% 


§ 5. Experimental Results. 


The Debye-Scherrer rings due to evaporated vam 
KCl were found to be intense soon after the a ss 


evaporation*, they became weaker and finally 
disappeared as the period of the exposure of 


specimen to air was increased. This is sup- 
posed to be caused by. recrystallization, by — 
which the area of KCl specimen effective to ae, 
diffraction of electrons is decreased: This effect 
is enhanced by higher humidity, showing that _ 
the recrystallization occurs under the influence — 


of water vapor in air. 


The lattice constant of evaporated ‘KCl re- 


ferred to Au.was found to be always larger 


than the X-ray value as much as 0.1-0.2%, 


* Since the evaporation was not performed in 
the diffraction camera, it was inevitable to expose 
the sample to air for several minutes. 


ete 
te es 
oe 


ra 


in 


Ps ee a ee 


oe Baia oe “ase eat 


deviations exceeding the probable error de- 
scribed in (i) of §4. Tendencies were found; 
- moreover, that the deviation varies with the 
| ‘mean thickness of KCl layer and the period of 
es exposure to air, viz. it is smaller for thinner 
layer and for longer exposure. The author 
prekoyes that the lattice constant of evaporated 


layers, because the recrystallization may take 
eae faster in thinner layers. The results 


: ptional case in-Fig..3.), but also the fact 
at all the crosses have the same ordinate 
n the experimental errors. This suggests 
the lattice constant takes a stationary. value 
er the exposure described above, though the 
ccimen exposed for a:very. long period- can 
; be examined since the patterns disappear 
) such a specimen. The mean value of the 
4 osses turns out to be 

a=6.286;++0.0007 AY 


is is about 0.15% larger than the X- ray 
ue. The similar behavior was observed for 
the other samples and the mean values 
r a certain exposure were in good agree- 
ent with the above one as given in Table IV. 
Since the lattice constant of evaporated KCl 
aries with recrystallization, it is desired to 
tain lattice constant of KCI specimen prepared .- 
y desiccation from the solution (§ 3). Actually 
i € sample used for X-rays is prepared by the 
pe ethod of recrystallization from the solution. 
, \Ithough a little difficulty was encountered 
in obtaining good photographs with such speci- 
B. mens, the experiment succeeded. The mean 


. ag -yalue obtained from several specimens was found 
oe to be 


a =6.287+-0.0007 A, 
good agreement with the previous value. 
§6. Discussion. 
In the preceeding section, it was degeansa 


that the deviation of lattice constant of KCI 
ferred to sold. is composed of two Parts: the 


i explain the smaller value for thinner. 


above PaLiatiOn (although there is one ex- | 


_ no deviation Ren wigs was used” as a 


4 


op ER ae ed 


(6: 297) _ 
pee 


Fig. 3. Lattice. constant of KOl. hie 


a: Lattice constant of KOl. —e 
d: Mean thickness of KCl film. Sead 


©: soon after evaporation, — 
WKS after exposure to, ale ie Pee 


Table LV. Experimental results, + sit ay 
KO] Gold | aA) ~ * | Deviation (26). 
ME. + 6.286) <=} OIE 
ees. BB gigas BOP a 
Mei Bat die Oia, ae ©. 0B nt 
an B. | 6.284 ; 0. a } ee 


: “evaporated Vf 


: Merck, K. Konishi, EB: 

: beaten fo alec 

= a 
variable and the statiGnarye ee feonerk ‘may 
surely be correlated to the recrystallization of 
KCL crystallites, though it is not clear whether 
it is intrinsic to the substance KCl or due to: 
‘some impurities introduced in the course of 
€vaporation. On the other hand the latter may — 
not be due to impurities, because it was observ- 
ed.also for desiccated .Specimens where the ad- 


mixture of impurities seems to be impossible. _ 


_It may be due to some effect other than Tate | 


described in §4, . 
Finch and Fordham” observed a ane ‘ieuiee é 
ation® for KCI, NaCl étc., and interpreted ats 


-* ‘The author learned by Prof, Finch’s 
cation to ee 
to gold foil, 


Scnnalnies : 
ae, that the deviation was due 
d Dr. Garrod in his laboratory found — 


ve 


1951) 


as due to Lennard-Jones’ effect. This interpre- 
tation, however, is not adequate for the present 
results because the sharpness of Debye-Scherrer 
rings obtained in the present experiment indi- 
cates that the deviation exists not only in a 
few layers near the crystal surface as in the 
Lennard-Jones’ effect, but it extends more than 
100A in depth below the surface. Boochs” 
found a deviation of about —0.08%% immedi- 
ately after evaporation. Although this seems 
to contradict with the present results, it is not 
commensurable with ours, because his specimen 
was composed of such small crystallites as to 
show diffuse rings. After exposure to air, he 
observed no deviation in most cases, though 
recognized a deviation of +0.1%% only in a few 
exceptional cases. This seems to contradict 
with the present result. 

A few speculative interpretation of the sta- 
tionary part of the deviation may be possible. 
For example, lattice imperfection or the color 
centers may influence the lattice constant. Ac- 
tually, the irradiated part of the specimen 
appears violet under a microscope. But the 
prevailing theory and experiment on lattice 
imperfection is not likely support this specu- 
lation™®. The variation of lattice constzn: of 
gold by etching is also not likely to be the 
case, though it should not be excluded a@ priori. 
The effect is unexplained and the author has 
no intention to decide whether it is to be at- 
tributable to KCl or Au. 
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Mechanism of Precipitation of a from 8 in 60:40 Brass. 


Gunji SHINODA and Yoshitsugu AMANO. 
Institute for Applied Physics, Osaka University 
(Read November 5,1950; Received May 26,1951) 


Body-centred cubic # brass, containing ca. 4022 Zn, obtained by quench- 
ing from 850°~900°C. shows reversal process of Kurdjumow and Sachs 


type transformation during tempering. 


Various intermediate structures 


between # and face-centred cubic a were ascertained by means of X-ray 
analysis using capillary and ordinary X-ray tubes. Such are body-centred 
and face-centred tetragonal structures having various axial ratios; therefore 
the transformation must take place with gradual manner, although the 


formation of martenstic needles are well known. 


The decrease of solubility 


of Zn in a solid solution due to lowering of the temperature, determined 
from X-ray data, is more significant than that of Konobejewski. 


$1. The initial and final stages of the 


transformation. 


If we quench copper-zinc alloys containing 
40% of zinc, which have a+ structures in an 
equilibrium state, from 850°~900°C, nearly un- 
iform £8 structures will be obtained. As the B 


our case, as we can start from single crystals 


of 8 the mechanism of the transformation from 
body-centred cubic 8 into face-centred cubic a 
will be studied much precisely. The method 


B crystal by capillary X-ray tube, short flecks 
showing crystals. Quenched from 870°C; patterns 
become diffuse above 225 °C; that for precipitated 


a (fibre) do not appeared. (original; 24cem, 
x 33 em. ) 


phase has a body-centred cubic lattice, fairly 
large crystals will be obtained simply by heat- 
ing at such temperatures. When such B is 
tempered, it decomposes into @ and the 
mechanism was already investigated by Strau- 
manis and Weerts” and a reversal process of 
Kurdjumow and Sachs type was confirmed. In 


of the experiment* was the back reflection 


* Divergent X-ray was emitted from a foil placed 
on one side of a capillary tube of 50 ems in length. 
The tube was one modified that of Fujiwara. 
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method using capillary X-ray tube and the 
ordinary back reflection method, the target 
being copper in both cases. 

One of the typical photographs obtained by 
capillary X-ray tube method is as shown in 
Fig. 1. Two complete circles intersecting with 
each other are due to (013) and (103) and 
several {321} ellipses, having well defined Ka, 
_and Ka, doublet will be seen. From these 
ellipses we can see that the direction of the 
surface normal to the crystal plate coincides 
with [114]; the axis of the capillary tube being 
perpendicular to the crystal and also to the 
photographic film. Several short irregular lines 
in Fig. 1 are those due to a which exist near 
the boundaries, but two short arcs, one in the 
inner side of (013) circle and the other inter- 
secting with (103) circle are not ones due to 
a, From the distance of the arc and the outer 
circle of (013) and the angle between the arc 
and the (103) circle we can see that there ex- 
ists an inclusion several degrees inclined to the 
matrix crystal. One of the microphotographs 
of these inclusions is as seen in Fig, 2, the 


Fig. 2. 


Inclusion in matrix £; two sets of slip 
bands are intersecting with small angles. 


direction of (110) slip bands indicating the 
angle between the crystal axes of the inclusion 
and the matrix crystal. Of course, two arcs 
in Fig. 1 are due to one inclusion and as the 
angles are nearly equal to 3° and this nearly 
coincides with the angle between [013] and 
103], if the latter is the rotation product of 
180° about [113] axis. Therefore the inclu- 
‘sion and the matrix are at the twin relations, 
if (113) would be able to become a twinning 
plane. The splitting of (213) ellipse shown in 
Fig. 1 confirms this supposition. 

Broadenings of circles and ellipses do not 
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observed below 225°C, but the diameters of the 
inner circles gradually increase and those of 
outer ellipses contract at 200°C. These ten- 
dencies continued till 250°C, and, above 225°C. 
the circles and ellipses become diffuse and faint 
and finally almost disappear at about 300°C. 
But the positions of the inner circles do not 
change till the last moment of decomposition 
of 8, therefore the skeleton of 8 must remain 
long. ; 

The inclusion in 8 matrix was observed by 
the back reflection Laue patterns, also. As 
the focus of our ordinary X-ray tube was 
fairly sharp (0.4mms. in diameter), we have 
been able to detect inclusions without using 
high resolving camera, such as Guinier’s. The 


shapes of the Laue spots were as shown in 
similar to that of the slit and 


Fig. 3 (A), 


Fig. 3. Back reflection photographs. 


(A) quenched from 870°C, showing an 
inclusion. 

(B) quenched from, surface normal coincide 
with [114]. 

(GC) quenched“from, tempered at 400°C, the 


specimen same as (B). 


there would be observed dark and white bands 
in the spots. The dark bands corresponds to 
severely strained parts and white ones show 
the existence of inclusions. Usually another 
dark band exactly similar in shape to the white 
band will be observed in the neighbourhood of 
the white band. The angular separation of 
these dark and white bands corresponds to the 
angle between axes of the inclusion and the 
matix. Several Spot-like intensity maxima in 
{331}. and {42)}. Debye-Scherrer rings are 
observed and some of these spot-like maxima 
together with some of the Laue spots split into 
several spots by tempering above 225°C. 
Moreover these spots become diffuse, but as to 
the spot-like maxima of {331}, only the dis- 
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placements of their positions to the lower 
lattice spacing side were observed. Fig. 4 in- 
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Fig. 4. Diseplaements of spots by tempering after 
quenching; Fig. 3 (B) and (CG) correspond- 
ing to the right-hand side of the fizure. 


dicates the splitting and the displacements of 
these patterns. 

At 250°C. the Laue spots become more diffuse 
and their positions displace as shown by the 
arrows in Fig. 4. At 300°C. {331}. and {420 ha 
patterns displace towards the larger lattice 
parameter side and become remarkably strong, 
but the Laue spots become extremely faint and 
diffuse. At 350°C., these tendencies are quite 
the same as in 300°C. and at 409°C., sharp 
and strong patterns of {420}. and {331}. are 
observed as shown in Fig. 3(C). 

From the symmetry of the pattern the 
fibrous structure cannot be explained unless we 
assume three axis type as shown in Fig. 5. 
Each fibre axis are due to either one of the 
rotations akout [001], [010] or [100] of the p 
crystal and the positions of these axis and 
corresponding patterns are represented bya 2s; 
© and C respectively. Patterns due to a in 
Fig. 3(B) are those for precipitated ones at 
higher temperatures while those in (C) “are 
due to tempering at relatively low temperature 
and there exists no differences in their orienta- 
tions. This means the mechanism of forma- 
tion of a@ is quite the same in both cases, 
whether it has been occurred under an easily 
diffusing state or not. Once a nucleation of 
@ begins, its orientation prefers a certain de- 
finite direction with respect to the matrix £ 
whether it exists in the grain boundaries or not 
and the further growth of the crystal must be 
similar to the crystallization of solid from the 
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liquid.* And as the velocity of diffusion is large 

at high temperatures, precipitated a must have 
a stable cubic structure, while at lower 
temperatures there will be an intermediate 
structure other than cubic one. This will 
become clear if we consider the changes 
of the spacings of several atomic planes 
of a or £, as shown below. 


§2. Intermediate structures between @ 
and £. 

As described above, the glancing angle 
for {313}. becomes small by tempering at 
225°C and then recovers at about 350°C. 
But the manner shown by {420}4 is some- 
what different, i.e. some of them displace 
towards the smaller spacing side and others 
split into several spots as shown in F ig. 
4. These changes will be originated to 
the following reasons. 

(a) change of lattice parameter due to the 
change of solubility of zinc in a-solid solution. 
(b) formation of an intermediate structure 
other than cubic one. 
As was found by Konobejewski and Tarrasowa”, 
the solubility of zinc in a-solid — solution 
gradually diminishes with the fall of the tem- 
perature, so (a) must be observed. But as 
long as (b) do not occur, the disintegration of 
{420} spot cannot take place; therefore the 
splitting of {420}. shows the formation of an 
intermediate structure. 
The angles between [331] and the crystal 
axis are 43.5°, 43.5° and 77°, while those for 
[420] are 28°, 64° and 90°. Theréfore, as to 
the spacings of {331}, if the volume of the 
unit cell is unaltered by the formation of a 
tetragonal lattice, the probability to find almost 
unaltered spacings will be much larger than 
that for altered one. But as to the {420} 
these changes must be occurred always and 
consequently the splitting will be observed. If 
the formation of a@ from 8 is originated to 
rotation about [001], the lattice parameters for 
[100] and [010] directions must decrease and 
that for [001] must increase. If rotations about 


* Straumanis and Weerts had found 24 different 
orientations of precipitated from 8. But accord- 
ing to the present authors? experiences, certain oney 
of them become predominating and this is confirmed 
by the evidence that larger crystals of B would be 
obtained by repeating the heating and cooling, room 
temperature—870°—4room temperature and go on. 


se three coordinate axis occur without much 
ffered probability, resulting microstructure 
ll consist of martenstic @ intersecting with 
ach other at right angles. In fact, micro- 
hotographs for tempered one show martenstic 
tructures and we can see several sets of 
-acicular needles intersecting at right angles. 
Therefore, these needles must correspond to 
these three kinds of rotations and if these 
transformations are not followed by the change 
of atomic volume, splitting of a spot, as 
observed in {420}. must take place. Thus, the 
“spacing along [024] contracts if the contraction 
-along the axis [001] will take place and 
elongates if the direction of contraction coincides 
with [100], provided the volume of a unit cell 
being unchanged. On the contrary, remarkable 
changes in spacings along [331] will not be 
observed in every case. Therefore we can 
calculate. the value of a from the largest one 
of spacings for (024). spot and combining it 
with the values for {331} c will be obtained. 
_ Thus, as the lattice parameters of the face- 
centred tetragonal, following values will be 


obtained; 
- a@=3.6775 A c/a=0.9794 at +225°C. 
a=3.6902 A c/a=0.9891 at 250°C. © 


_ #elso, evidences of tetragonal structures will 
be found in Laue spots of 8. The splitting of 
(031) spot into three, two of which appear in 
_ the outer side, shows the elongation along [001] 
.axis and the displacements of Laue spots at 
_250°C., shown by arrows in Fig. 4, indicate 
the rotation of a surface normal caused by the 
dilatation along [001] axis. In consequence 
of this dilatation @ must become small and thus 
a body-centred lattice with c>a will be formed. 
As the velocity of diffusion is not so large, 
, especially in copper” the lattice parameters of 
_ these intermediate crystals will not be constant 
and differed from place to place and circles 
and ellipses ‘of the capillary X-ray photographs 
- must become diffuse. Accordingly, the normal 
_ to the specimem tends to the lower / side as 
_ shown by an arrow in Fig. 5. 
4 Above results were confirmed’ by following 
By facts; - ie eh 
_. (c) the diameter of (103) ring becomes 
large with the rise of the temperature of 
s, tempering. ; 
_ (d) increase of scattering in the interior of 
- the (321)s ellipse. 
As the angles between [009] and the normals 
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- take place with continuous manner and no sign © a . 
_of an abrupt change was observed. : 
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(331) 


AN 


: (331) 
(421) 


Tempered at 400°C. CuKa, back reflection. 


Fig. 5. Crystallographic relation between 
Original and precipitated «. 
x .: Surface normal to the original @. 


| 
a}: direction of fibre axes of a. 


of above surfaces are about 33° for (103), and 
74.5° for (321) respectively, the spacing for — 
the former must increase and that for the latter BIN; 
must decrease. Therefore, the disintegration - 
of 8 into body-centred tetragonal structure is : 
clear and one example of its lattice constants _ 23 
is as follows; ngs ; 

=2.945 4 c/a=1.0206 for tempered at 250° 7. 
Both body-centred and face-centred tetragonal — 
structures are an intermediate state between @- 
and a, and there exist no definite boundaries . 
between them. Therefore, this process. will 


By tempering at 300°C., diffuse and faint be: 
(222) ellipse*, belonging to a face-centred 
lattice, was observed in the capillary X-ray 
photograph; although (301)s circle are still 
remaining. Also (204). ellipse* was observed 


* These are not due to precipitation products, ‘be- 
cause unless a single. crystal is used these patterns 
will not be obtained. 


Phase boundary of a/a+B. 


The solubilty Hmit of a will be obtained from 
the volume of a unit cell of a@ obtained by 
tempering at various temperatures. Above 
300°C. as a become cubic and at 225° and 
250°C, the spacings for {331} nearly coincide 
with the cube root of the volume of the unit 
ll, such calculation will be simple. The phase 
undary calculated from the unit cell volume 
ing Owen and Pickup’s® results is as follows; 


. 


mperature ; 
tempering as quench 225° 250° 00° 350° 400° 


32.5 15.4 25.1 35.8 36.5 38.5 


ove results lie in the side somewhat poorer 
in Zn than that of Konobejewski and Tarrasowa. 
1e values for 225° and 250°C. are calculated 
1 the lattice parameters of the unstable and 
ediate crystals, above results will not be 


“Tinch reliable: ahs to the phase bound. 
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results of recent investigations on anomalies in — 
a containing about 25% Zn, such as order- 
disorder transformation-like rise in specific” 
heat, suggest another interpretations other than 
that of Konobejewski and Tarrasowa. ij 

In conclution authors wish to express sincere — 
thanks to the aid of the grant of Ministry of 
Education. 
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** Later, we have taken Kossel lines of @ and con- 


firmed above conclusions from the dilatation of (002) _ 
spacing due to tempering at 180°C and etc. { 


The Hyperfine Structure of Sadun by 
. a Microwave Absorption Method. 


By Koichi SHIMODA and Tetsuji NISHIKAWA. 
Department of Physics, Faculty of Science, University of Tokyo. - 
(Read in May 7, 1951, Received June 2, 1951.) © 
The hyperfine structure of the ground state *Si/2 of sodium atom, Na? 
(J=:,2), has been measured by a microwave absorption method by means _ 
of a Zeeman modulation Spectrograph. Among seven lines of ‘the Zeeman 
components, F=1>F=2, six lines have been observed. The remaining one 
has not been obserbed since it is not affected by weak magnetic field. The 
hyperfine structure separation at zero magnetic field has been obtained from — 
the results, and “it is. aes S 3 Meaaetd ate ata aye 
pity 4y=1771.70+0.15 Me/sec. Ba. Bk 
. This is in good agreement with the known value measured by the atomic 


< 


beam magnetic resonanze method in the Paschen-Back region. 


™ 


momentum, F, is used to designate the e 
level. The ground state of sodium is 254, 
there is no. electric multipole interactions 
tween nucleus and electrons. For the grou 
State of Na®, with J=3/2 and J=1/2, th 
are two levels for zero magnetic field, C0 
ponding to F=1 and F=2. a 3 bea te 
. The h.f.s. separation of ‘Na? was pr 
measured by S. Millman and. P. : 


ae Introduction. 
The hyperfine splitting of atomic energy 
evels 1s caused chiefly by the interactions of 


_ Since these interactions depend on the angle 
tween the angular momentum of nucleus, J, 
d that of electrons, J, the total angular 


a 


1951) 


the skillful atomic beam magnetic resonance 
method in a strong magnetic field. We have 
observed the transition from the level F=1 to 
the level F=2, by a microwave absorption 
measurement in a very weak magnetic field of 
several Oersted. Each F level is split up into 
2F+1 magnetic levels designated by different 
values of the magnetic quantum number mr , 
where mv=F, F-1,..., —F. 

Zeeman lines in a weak magnetic field are 
derived by the application of the selection 
rules for magnetic dipole transitions, JF= +1, 
Am=0, (o-lines), and dm=-41 (a-lines). For 
fiemeaetece= lines of Naa, with J=3/2, there 
will be four z-lines and three o-lines which 
are given in Fig. 1. 
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The details of Zeeman modulation microwave 
spectrograph are described in the following 
paper. 


§2. Experimental Apparatus. 

A block diagram of the apparatus used in 
this experiment is given in Fig. 2. The ab- 
sorption cavity in a magnetic field is excited 
by an unmodulated klystron oscillator through 
one of the waveguides coupled to the cavity, 
and the output is detected by a crystal detec- 
tor mounted in the other waveguide. 

The cavity is a cylindrical TEs12 mode, which 
is degenerated for two circulary polarized 
modes. Two waveguides coupled to the cavity, 
can be rotated each other. When the polari- 
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Fig. 1. hf.s. Zeeman pattern of the 
ground state 2S 4 of an atom 


with [=2/3. 


Since the h.f-s. transition, F=1-2, is the 
magnetic dipole one, the probability of the 
induced transition is rather small. 

Besides, the population of the two atomic 
levels differs very little, because the value of 
splitting, JW, is small compared with kT. 
The absorption coefficient of atomic sodium 
gas is, therefore, expected to be much smaller 
than that of the ordinary rotational absorption of 
polar molecules. The frequency is about a AA 
Me/sec which is considerably lower than the 
frequency generally used in the measurement 
of microwave spectroscopy, and the value 
AW/kT is only 1.7x10~* at the temperature 
of 500°K. 

We have used a Zeeman modulation method 
in order to attain higher sensitivity, because 
the absorption coefficient of the atomic sodium 
will be small (of the order of 107° cm=+). 


STABIL. | 
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Block diagram of the Zeeman modulation 
spectrograph used. 


zations of the two waveguides are orthogonal, 
r.f. balancing is established and the detector 
is placed on zero power level. As one of the 
waveguides is rotated, the power level of cry- 
stal detector increases and it is possible to 
operate the detector at the desired power level 
to give the optimum noise figure. 

Since the absorption frequency for h.f.s. of 
the ground state of Na* lies in about 1770 
Mc/sec, the absorption cavity has a consider- 
ably large dimension of 141 mm in diameter 
and 235 mm in length. In order to evacute 
the cavity and to raise the temperature, a 
particular device is needed, because the appli- 
cation of glass-to-copper seal or rubber pack- 
ing seems impossible to such a large cavity 
heated up to the temperature of 500°K or 
more. 

The absorption cavity and its accompani- 
ment has been designed and constructed as 
given in Fig. 3. The inner cavity made of 
copper is enclosed in a vessel made of hard- 
glass, and it is wound by a nichrome wire so 
as to be heated by electric current. This is 
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Fig. 3. Cross section of the aksorption cavity and its 


Fig. 4. Absorption cavity in a glass 
vessel. 


shown in a photograph in Fig. 4. Sodium has 
been introduced into the vessel from the left 
branch in Fig. 4, after it had been distilled 
several times in vacuum (about 10-2?mm 
Hg). 

The vapor pressure data of sodium can be 
found elsewhere”, which is graphically repre- 
sented in Fig. 5. The equilibrium of Na-atom 
and Nas-molecule has been studied by L. C. 
Lewis using a molecular beam method”. At 
the temperature of 500°K, the vapor pressure 
of Naz is less than 1 per cent of that of Na- 
atom. Therefore, Na, molecule may be neg- 
lected in studying microwave absorption at 
that temperature. The temperature of absorp- 
tion cavity in a glass vessel is raised to about 
260°C by the electric power of about 500 watts, 
and the pressure of Na-atom is kept at about 
10-* mm Hg, 

The glass vessel with absorption cell is 
placed in a solenoid. Since the solenoid is not 
allowed to be heated, a narrow helical pipe is 
set inside it and asbestos sheets for heat in- 
sulation are packed between the solenoid and 


Asbestos 


Solenoid windings 


éccompaniment. 
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Fig. 5. Vapor pressure of sodium. 


the glass vessel. We had much trouble to keep 
the solenoid coil insulated from water vapor 
that emerged not a little from asbestos, when 
the cavity was heated. The solenoid coil has 
been coated thereafter by thick bakelite-varnish 
and some bees-wax. 

The absorption cavity is coupled to two 
waveguides through coupling transformer sec- 
tions as shown in Fig. 3. Several hot wires are 
stretched parallel to the broad face of the 
waveguide in the openings of input and out- 
put waveguides, so that the sodium vapor may 
not condense on the glass wall near the 
coupling window. 

The microwave source used is an external 
cavity type klystron, JP-702,. manufactured by 
Japan Radio Company. “Phe frequency is 
measured by a heterodyne wavemeter with an 
accuracy of 10-°~10-°, 

The magnetic field is modulated by the fre- 
quency of 125 c.ps. with the amplitude of 
0.1~1 Oersted. When the average magnetic 
field is gradually changed, the modulated out- 


absorp ion Anes of Ais Zeeman pattern of 
he sample. The output will be visualized 
and recorded by a narrow-band tuned amplifier 
followed by a phase-sensitive detector? and 
‘recording meter, or a oscilloscope. Details of 
these components afe_ described in the follow- 
ing paper. 
‘§3. Aessaremelits and Results. 

The preliminary measurement was made in 


4 sible to detect h.f.s. lines of sodium by the. 
__ above mentioned method, although the obtain- 
3 

¥ homogeneity of the magnetic field and by the 
.- large noise ratio of the crystal detector used. 
E In the later experiment, the stray magnetic 
field in the solenoid has been almost compen- 
- sated by several permanent magnets placed 
t arround the solenoid. 


ee 


most. The residual field components parallel’ 
to the. solenoid can be eliminated, if it exsists; 
5 by the double measurements reversing the sole- 
noid current. In most cases, the orthogonal 
component effects very little on the magnetic 
- field in the solenoid. It is less than 0.1 per 
_-cent under the axial magnetic field intensity of 
$3 ~ greater than 2 Oerated, and may be pealighle 
; ‘in our experiment. i 


minimize the field inhomogeneity within a 
- limited dimension. The large inhomogeneity 
of the field is, therefore, caused by ‘the heat- 
ing current in wire wound just outside the 
re cavity wall, though - it is wound bifariously. 
In order to avoid this effect, a method of high 
_ frequency heating has been used to heat up 


the cavity. The h-f oscillator is a push-pull 


cs TS-204, with input power of about 1 kilowatt, 
from which the effective output of 500~600 
watts is obtained.. 
3 The observed results are given in Fi ig. 6. Since 
- the cavity m a vacuum vessel has been tuned 
to the frequency of about 1766 Mc/sec., though 
it is tunable within -2 Mc/sec. by adjusting 
coupling transformer, the measurement at the 
- frequency outside this range is poor in its 
sensitivity and the results are less reliable. 
_ The measurement disturbed by some instan- 
- taneous noise such as sounds by airplanes or 
_ shocks by tramcars is also less reliable. These 
; results are a enyen in Hig. 6 as blank circles, 


_ October 1950. It was confirmed that it is pos-. 


“ed signal was very weak owing to the in- 


Its is estimated that the 
_ residual component is less than 0.1 Oersted at 


‘This is in good agreement with the 


The solenoid coil has been designed: to. 


-nucleus and electrons. 
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Fig. 6, Observed results. 


fixe splitting of Na is cberied: 


It vo 
4v=1771.700.15 Mc/sec. ia 


magnetic levels are: 


4W aw 
eS era Hae 
Wis Rotana Sane 
Am pt z & sy 
«(ee 21+1 +2") ae 


where 4W=hd» is the h.f.s. separatic 
energy units, and # is the Bohr magr 
The parameter, x, is defined by 


Phere gr, gr ‘is the gyromagnetic © ratio 
The agreement of 


values measured by two methods shows. 
the above formula is correct within the e 
mental accuracy. 4 

The absorption coefficient ey the ec 
sodium vapor may be estimated from the out 
put signal voltage of the crystal detectc 
which is about 10-* volts. The loaded Q « 
the absorption cavity has been measured to be 
850--50 with the transmission. coefficient, “Diag 
of about 0.5 under the same relative orienta- 
tions of waveguides as the absorption of Be 
dium has. been measured. 

The absorption coefficient of the sample is 
known from equations (5) and (6) in the 


bers 


A we 


efollowing. paper. We obtain cae a ris Ago 
B pa Bees 


QD 2P,”’ 


ion coeffic 


‘measured values agree 


The obserbed line breadth is 


ere P, is the input power, JP is the power Which is considered to be broadened. b 


orbed by the gas, IP, is the decrease of 
t power, and 8=2z/2. ‘ 


i es 
— 


inhomogeneities. os Sete eae 
_ In conclusion, the authors express their 


f we assume the following values, @=0.37 to the Asahi Bunka-Jigyo-Dan in the As 
‘ , P,=2x10-4 watts, the amplitude con- Press for financial aid by the grant of subs: 


‘ ersion loss of the detector is 3, and the im- 
-pedance of the crystal is 10* ohms, we have 
% AP,=9X10-" watts 


a=6x10-® Np/cm are 
1 the other hand, assuming the square law 
ec on, we obtain the value of a by the 
quation. If we assume the rectified 
roltage of the crystal by the input 

vel of P;, is 10-1 volt, we have 

a=4x10-* Np/cm, 
, D, and 8 are the same as above. 


rption coefficient can be theoretically — 


If we assume the line-breadth 


Of, is 1 Mc/sec.mmHg, the absorp- — 


in 1949 for the research 


on. microwave spect 
roscopy. sug at ae hee 
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A low frequency Zeeman modulation microwave spectrograph for observing - ga ee 
hyperfine structure of atomic sodium has been constructed, It sexperimen- *gise ese ; 
tal details and the principle of operation are given. The sensitivity of. tr 
the spectrograph may be estimated like the Stark modulation spectrograph. batt 
Since the modulation frequency cannot be chosen so high as Stark modula-  - 
tion, the noise figure of the crystal detector is rather large, which might ae 

be over come if the source modulation were superposed. ES Bw 


Pat : 


"Permanent magnetic moment, the Zeeman 
modulation method may be used, following 
similar principle to the Stark mod 
method, eins ee 

The source oscillator is tuned to ‘a fixed : 
frequency at a certain point near the abs | 
tion frequency of the sample. As the inte 
of the magnetic field is changed peri 
with small amplitude, the frequency « 


Introduction. 


order to obtain higher sensitivity in 

| OWave measurement, the Stark modulation 
_ method has been developed.°-® The Stark 
ulation spectrograph is effectively used for 

cting absorption lines of polar molecules; 

it cannot be applied to magnetic dipole 
rption. For the molecules which have 


Sor ae: sample molecule Mi viok Teer. 
The output of the crystal detector is amplified 
by a highly selective tuned amplifier in order 
to be free from unwanted noises. The modula- 
tion frequency cannot be chosen so high, be- 
cause the solenoid has considerable large in- 
ductance and the modulated component of the 
_magnetic field is damped by the eddy current 
in the wall of the cavity. To reduce the eddy 


‘the absorption cavity is also partially slotted. 


sas Cns. 
oh | 


a 


‘so difficult to. produce Dearly square current 


: g2. Details of the Zeeman Modulation we 


-of the atomic sodium is described. De 


‘current, the frame of solenoid is slotted and_ 


FO 
220v 
; (asc 
Lee 
ops RECORDING 
us METER 
c ae ee eee Fig. 2. Circuit diagram of the lock-in Arashi thaat 


vawe Spectrograph : 


ae 


Spectrograph. 
Experimental details of a Zeeman modulatio % 


i 


spectrograph for the measurement of the h.f 4 
ak 


and construction of the absorption cavity for 
the purpose is described in the preceedin 
paper, in which the block diagram is al 
given (Fig. 2 and Fig. 3 in the preceedin 
paper). The value of modulation frequenc 
125 c.p,s., is chosen so that the frequency 0: 
the line alternating current, 50 c. p.s., May have 
little effect on the receiver and it may not 


The circuit diagram of the Rapdulator name 
is given in Fig. 1. Since the solenoid has large © 
inductance, the voltage square wave cannot 
generate the square wave modulation of 


iat wave by the intermittent operation of a 
sort of Guise stabilizer. 


Sit the pulse width and the “interval may 
equal, the instantaneus current, is -given by 


r. It is tunable by two stubs on the 
face of the waveguide. The rectified 
of the crystal detector is amplified by a 


half width of the frequency responce of 
poe has been’ measured to be 4.5° 


ri 9 


. 3. Twin T resistance-capacitance 
_ feedback network. 


- without being unsta 


stage. colts: 
_ (125 ¢.p.s.) the maximum output ee is 


conductance of the amplifier at its maximum 


- Fig. 4. Stabilized power supply for klystron tube. “4 


reducing the factor, K, in Fig. 3, to the vi 
less than 0.5.© 
_The narrow-band sproiger is Phone by a 
phase sensitive detector and a d.c. amplifier _ 
which are given in the lower half of Fig. 2. — 
The phase* sensitive ‘detector is a sort Oo 
balanced mixer, composed of a pair of mixer 
tubes, 6L7G, the first grids of which are driven q 
by a reference a.c. voltage from the modulator. 
The input signal from the amplifier is imposed 
on the third grid of one of the tubes. The © 
output voltage of this detector is amplified by — 
a balanced d.c. amplifier through a lowpass _ 
filter. The time constant of the filter is 0.8 
seconds. The d.c. amplifier is a cathode- - 
follower type, and the output - is cokes #03 
recording milliammeter. ae Soe 
The recorded noise level of this ftass ods | 
in amplifier has been meastired to_ be about 
2x10" ® volts, using a 6AC7 tube in: the es 
With the input voltage of 10-7 volts: 


o 


0.2 milli-amperes. In other words, the trans- | 


gain is 2 x 10° mhos. | 


The power supply — for. the aenpliaare 
electronically stabilized to reduce the fluctua- 
tion sufficiently. 


ans ea 
* 
@ | . 


RS 
tie E 


The : source joscillator is : cemaired to pacriorate 
modulated waves. A disc-seal klystron, JP. 
702, -with an external rectangular cavity is used. 
One side of the cavity wall is movable in order 
to vary the frequency and the output waveguide 
is coupled to the other side of the cavity. If 
the amplitude or the frequency of the oscillator 
changes with time, the output of the crystal 
detector fluctuates and it disturbs the measure- 
ment. Since the klystron tube generates 


is easily modulated by the fluctuation of supplied 
voltage. . A good _ stabilized Bost supply is 
: therefore needed. 


The stabilizer used for our ‘experiment is- : 


given in Fig. 4, which is similar to that of 


Ex: Roess for his amplifier and the best - 


power supply for the klystron tube we have 

~ ever found elsewhere. 89 Three tubes Vs Vs, 

and V, are used as a dic. amplifier | and a 
capacitor, C;, has been inserted to suppress the 

self-oscillation.. (Erratum: In Fig. 4, cathode 

of the tube V; and the negative side of the 
grid circuit should be inversely connected to 

_ the 3ohm resistor.1 - 

1 The short time stability of the order of 107* 
~ yolts or 0.01 percent has been obtained even 
by the use of a.c. heating of tubes. The hum 
.voltage at the output has been reduced to less 

than 10~‘ volts and the 125 c.p.s. cornponent 

~ to about 10-* volts, when the heaters of tubes 
are connected as shown in Fig. 4 without being 
floated. ete, “ 


iv). ‘Wavemeter. 


The output frequency of the klystron oscillator 
is measured by a heterodyne wavemeter within 
the accuracy of less” than 10-°. The circuit 
f diagram of the wavemeter is eivke in Fig. 5. 
A v.h.f. “tunable oscillator beats with high 
" harmonics of the frequency of the crystal 
oscillator, 5 Mc/sec., which is calibrated by 
standard frequency of station JJY. 
* microwave frequency HtO. De - measured » 
heterodyned by a ‘crystal mixer with - ins 
__v.h.f. tunable oscillator. Thus: the micro- 
wave: frequency can be determined within the 
accuracy of 107%, by interpolating between 
every 5 Mc/sec. points of the v.h.f. oscillator. 
If more accurate measurements are needed, 
* oom interpolating tunable oscillator is switched 


rer. 
eee 
: = ede Ese ; ied 


microwaves within some limited condition of |: 
repeller and cavity voltages, the power output } 


“Beat output will apear, where m and n are 


te ‘ 


crystal oscillator. “When the frequency of t 
Vv. h. f. oscillator, fy, is nearly equal to 


fiz mf +5 (Mc/sec.) 


integers. The frequency, fz, is tunable by 
precision variable condenser from 0.8 “to Ee 
Me/sec. Several points in the range may 


And. it is nee a th 
If Boe 


within 7107+. 
beats are audible for m= On: 


frequency, f, to be measured, 
Nf raf ? 


where N is also. an integer. _ By 2 
‘equation (1) at the same ae we can mn 
double beats. , As the microwave frequency 
very high, 10° or 10” for example, it is ‘ne 
necessary to keep in perfect zero beat _ con! 
tion for the experimental accuracy. 
Since the frequency of the crystal oscillator 2 ; 
is easily determined within the accuracy of — 
10-°, we fined fy within the accuracy of less 
than 10~5 when the value of ,m less tnan 5 
and n is about 60.. Then the microwave 
frequency may be measured within the ac- : - 
curacy of 10-* in the frequency range from 
1000 Mc/sec. to 10000 Mc/sec. or higher. , 


§ 3. Minimum Detectable Absorption by the 
Spectrograph. 

A high Q cavity resonator coupled ae two 

waveguides is used as the absorption cell. The 

<e amplitude transmission coefficient, D, of the 

cavity resonator at the resonant frequency is 

given by 


D?=4Q2/(Q,Qs) , (3) 


1 el Gee a) 
Gy. Q2.’ 
e ED, is the unloaded Q. 

hen the cavity is filled with some absorb: 
gas, the free space propagation constant 
hich is a+ 78, the signal output power, 
caused by the gas absorption is given by | 
is - AP, =Q?D?a?/p? . (5) 
the power absorbed by the gas, JP, is 


(4) 


A= (AP, -AP,)*=2QDP,a/B, (6) 


e P, is the input power. 


iL power is the same as the noise power 
e receiver, we have 

: APmin=FRTSf , 7) 
is the over-all noise figure of the 
Rk is the Boltzmann constant, and Af 
‘ective bandwidth of the receiver. To 
_ the minimum’ absorption coefficient, 
re ppauate (7) with (5). We obtain 
(AP») min = FRT AS 


minimum detectable absorption. And 
given by the following equation. 
OB a * 
Anin = Q D P, (8) 


ad In order to obtain the optimum condition of 
the absorption cell for the maximum sensitivity, 


ae within a limited value of Q@ (or D), we 


or the optimum loaded Q of the absorption 


" atomic sodium, however, the noise figure of 


ed to JP, by the following equation. 


if we assume that the minimum | detedtable ; 


e€ must maximize QD. To maximize D (or. 


@ Measwrements (McGraw-Hill Book Te 


ee case, | goer es : 
1 
eet Toe 
The minimum detectable absorption coefficient 
for the cavity of optimum coupling is given by ; 
“28 Perot) a 
. To obtain an estimate of the idealized limit _ 
of detection, we may assume the following 
values: P,;=10-* watts, F=10, Jf=1 cps.,” 
Q=104, and B=0.37 (f=1770 pos ee | 
we have 3 


and 


Qnin=6. 1x107 -13 Sunlen: >; 
In our experiment to detect the h.f.s. ‘éf } 


the crystal detector has been exceedingly large, 
because the frequency used for modulation and 
detection is very low. The values of noise 


- figures of the crystals’ distribute in the range 
_ of the order of 10° or more, and they increase 


with power lével. For a probable evaluation — 
of the spectrograph used i in the experiment, we _ 
put F=10°, P;=10-* watts,*-and Q= sat and 
we have 
Amin = 7.2 X10-7° mivcien x 
fn order to be free from low frequency noise 
of the crystal detector and obtain higher sensi- 
tivity, we are now improving the apparatus — 
applying also the source modulation method. 2 
This work is indebted to the Asahi Bunka- 
Jigyo-Dan in Asahi press for the research > ‘ 
subsidy and to the eee of education for 7 
research grant. 
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An Electron Diffraction Study 
on Seleniun Rectifiers.* 
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The same specimens as investigated previously? 
_by X-rays, were subjected to electron diffraction study. 
These specimens were prepared as follows; molten 
selenium was set on nickel-plated stee] disc and sub- 
jected to various pressures at 130°C for one hour (Ist 
heat treatment) and treated for hours at various tem- 
peratures (2nd heat treatment). As their surface’ 
were rough, election diffraction patterns could not be 
obtained, After lizht polishing, they were washed 
in 10% caustic soda solution and cleaned carefully 
by alcohol and ether. This surface treatment did 
not cause any changes in X-ray patterns, but some 
influences appeared sometimes in those of electron 


H<0,33X50—>} 
TRA. 


the second heat treatment, the clearer become the 
crystalline behaviours, These results almost coincide 
with those of X-ray study. 

To determine the thickness of cadmium-selenide 
layer of selenium rectifier, we attempted following 
methods, One half part of selenium rectifier plate 
covered with cadmium instead of wood metal was 
ground obliquely and electron beam was projected. 
parallel to the grinding direction (perpendicular to 
the paper face) (Fiz. 1.) When the position of the 
specimen irradiated by electron was displaced gradual- 
ly by means of rotating the specimen holder, Cd at 
points A,B and O, CdSe*** at D,E and F and Se at 
G,H and I was obtained, This surface was observed 
by a profilometer (vertical magnification; x 10C0) and 
CC’ and DD’ were calculated from GC’, FD’, 7 and 
AOA’. 

From this result, the thickness of the CdSe layer 
was determined and a_value lying between 0.7 10-4em. 
and 1.5 1¢~4em. was obtained. The roughness of 
the surface seems to be the order of 10-*~10-> cm. 
Therefore it is almost hopeless to obtain more accu- 
rate value by this profilometer method, but this result 
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Fig. 1. Profile of Selenium rectifier plate polished obli:uely. 


diffraction and the rectifyinz 
specimens after coated with wood metal became 
worse. Therefore this surface treatment must be as 
light ag possible. 

The results obtained are as shown in Table I. 
Though we can not recognize the fibre structure** as 


characteristics of the 


Table I. Electron Diffraction Patterns of Se, 


Pressure at | Without Temperature at 2nd 
Ist heat 2nd. heat heat treatment (°C) 
treatment treatment 
(kg/cm?) rie © 
170° 190° 210° 
5 ; Diffusering | Halo Halo Halo 
30 ring Ring Halo Halo 
een Shar Diffuse 
50 Sharp ring hea ring _ 


clearly as X-rays, the higher the pressure at the first 
heat treatment and the lower the temperature at 


is’ approximately consistent with that of X-ray me- 
thod.2 
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On the Grain Boundary Migration 
induced by Temperature Gradient 


By Hideji SuZUKI. 


The Research Institute for Iron, Steel and 
Other Metals, Tohoku University 
(Received May 28, 1951) 


In the course of the study of grain boundary 
migration in annealed high purity Aluminium, we 
have found an important phenomenon, the migration 
induced by temperature gradient. A typical example 
is shown in the photozraphs (x 1,6). (a) represents a 
specimen after additional annealing for 5 hour at 659~ 
660°C. A part of the specimen, that is, the left hand 
side of AB, melted owing to a temperature gradient 
in the electric furnance. The structure of grains in this 
photograph show the original one, since the etching 
figure preliminarily revealed before annealing is 
unchanged in its main aspect. The new positions 
of migrated boundaries are seen in this case as faint 


(c) 


Brooves, produced by “ thermal etching ’?, The grains 
after annealing are seen more clearly in (b), which 
represents the chemically etched surface of the speci- 
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men in (a). (¢) is aschematic representation of the 
grain boundaries before (broken curves) and aiter 
(full curves) the annealing. All grain boundaries’ 
includiug the island crystal E, except for the twin 
boundaries GC and D, move towards the line of AB. 
Namely, the grain boundaries move in a direction 
opposite to the temperature gradient. In the case of 
the motion of the crystal E, the rate of migration 
of the boundary induced by the temperature gradient, 
though less than (,2° C/em, is still larger than the 
one resultinz from the surface free energy, which 
takes place in the direction of the center of curvature. 

Since the parallel movement of a boundary with- 
out reduction of area does not result any chanze in 
its energy, it may be concluded that this type of 
migration is caused from the request of increasing the 
entropy of the grain boundary. The drivinz force of 
the boundary migration due to its curvature is the 
boundary free energy divided by the radius of curva- 
ture, while the driving force induced by temperature 
gradient is the product of the entropy and the tem- 
perature gradient provided the temperature depend- 
ence of the entropy is sufficiently small. The driving 
force of the same magnitude is sure to give the same 
rate of migration, so we can estimate the ratio of 
the boundary free energy to the boundary entropy at 
the melting point, by means of extrapolation of the 
radius of curvature to AB, which causes the same 
distance of migration as that due to the temperature 
gradient. It is remarkable that this value vanishes 
at the very temperature. In other words, the grain 
boundary free energy vanishes at the meltinz point. 

Other experiments carried out under greater tem- 
perature gradients, such as 2°C/em, have failed to 
show measurable parallel movement of the boundary 
in directions opposite to the temperature gradient. 
These experiments indicate that the grain boundary 
entropy increases very rapidly near the melting point. 
The assumption used in the estimatlon of the boundary 
free energy at the melting point, therefore, is no 
more correct, but the disappearance of the free energy 
at the temperature seems to be true, on account of 
the rapid increase of the entropy itself. 

The explanation of the anomalous grain boundary 
entropy near the melting point may be given from 
the dislocation models of grain boundaries” in such 
a way, that the number of accessible states concern- 
ing the arrays of dislocations rapidly increases near 
the temperature. It is suggested that the free space 
concerning the thermally activated translational mo- 
tion of dislocations increases rapidly near the meltinz 
point, being associated with pair creations and anni- 
hilations of dislocations, namely, the melting is noth- 
inz but the slip forced by thermal agitation.2 The 
further arguments must require more precise measure- 
ment of the value of entropy. It is hoped to publish 
a detailed account of them in due course. 


In conclusion, the author wishes to express his 
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hearty thanks to Professors, Sakae Takeuchi and 
‘Taira Suzuki for their encouragement and valuable 
discussions. 
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On the Crystal Structure of Cadmium 
Selenide of Selenium Rectifier.* 


By Saburo NAGATA and Kosuke AGATA. 


Faculty of Engineering, Osaka University. 
(Received May 28, 1951) 


Two modifications about cadmium selenide in a 
barrier layer of selenium rectifier,” have been ob- 
served by several investigators.” © To ascertain 
these results we performed following experiments. 

At first, selenium was sputtered in vacuum on 
steel or Nickel plates polished with 0000 emery paper 
and. heated under atmospheric pressure. The electron- 


diffraction patterns for sputtered Se film have two goes 


halos. After heat-treatment, patterns show fibre 


structure for thin films (<0.3, fibre axis is (1120), | 


Fig. 1) and pollyerystalline rinz for thick ones (>I, 


Fig. 2). So we suppose thin Se layer closely adher- j 


inz to the base metal will have preferred orientation. 


When the temperature of the heat treatment is 


raised to 50°C, its surface colour changes slightly, 


but its pattern does not change. The crystallization | 


is completed with a duration as short as 30 minutes 
at 75°C and about 3 minutes at 100°C. 

We also observed the fibre diagram and sharp 
rinz patterns of cadmium sputtered on steel plates. 
(Fig, 3 and Fig. 4). The former is obtained by 
slow sputtering and the latter by quick one. From 
Fiz. 3 the fibre axis of Cd is determined as (1122). 

Next we sputtered Se on nickel plate, heated at 


100°C for 15 minutes and sputtered Cd on it. When | 


Cd in the surface was dissolved in HC1, cubic CdSe 
was found (Table I, Fig. 5). Therefore CdSe may 


be produced without heat treatment. When Cd has j 


been dissolved after heat treatment at 100°C for one 
hour, residual CdSe becomes hexagonal as (1013)nez. 


rinz is observed between (1120)nee and (1122)rex. @ 


We sputtered Se on the Cd film which was de- 
posited on nickel p’ate. When surface Se was dis- 
solyed in conc. NaOH solution, (1123)re.. rinz weak- 
er than (1120)ree. was recoznized, and (400)cun. was 
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Intensity : ay d as indices 
S SintVe 3.49 CUT) 
Ss 2.14 9,14 (220) 
Ss 1.82 1.82 (311) 
W 1.36 1.39 (331) 
W 1.23 1.23 (422) 


Table II. CdSe (Cubie and hexagonal) 


Intensity as or ee wes 
Cubic (A) | Hex. (A) 
s. 3.46 | (111)8.49 | (1011)3.29 
V.W 2.57 | (1012)2.55 | 
V.S. 2.17 | (220)2.14 | (1120)2.15 
Ww 2.00 (1613)1.99 
Vise | of-84 |. (Bit) ise) Ciiser. 84 
Vw | 1.54 |) (4005151 
Ww 141 (331)1.39 | (1280)1.42 
Ww 1.25 (422)1.23 | (3031)1.22 


Fig. 1. Se (thin film) 


Fig, 2. Se (thick film) 
L=30cm L=50cm 


Fig. 3. Od (slowly sput- Fig. 4. Cdi(quickly sputtered) 


tered) Z=30cm L=30cm 


Fig. 5. 


Fig. 


Fiz. 8. 


CdSe (cubic) Fiz. 6. CdSe (Hexazonal) 
L=30cm C= slcm 


7. CdSe (cubic and 
hexagonal) L=30cm 


Fig. 9. CdSe (cubic and 
hexagonal) LZ=5C cm 


Fig. 10. CdSe (Hexazonal) 


CdSe (cubic) 


L=50cm L=50cm 
found, Therefore this photozraph indicates the coe- 


xistence of hexagonal and cubic CdSe. (Table II, 
Fig. 7). When Se was dissolved after heat treat- 
ment at 100°C for one hour, only hexagonal pattern 
was obtained. 

In order to make the above mentioned results 
conclusive, we repeated the same experiments after 
increasing the camera Jenzth L from 3 em. to 5(cm. 
Nearly the same resu'ts were obtained, but the ecn- 
clusion more certain, (Fiz. 8 Fiz. 9 and Fiz. 10) 
In the case of L=3(em, inner (1010), (C002) and 
(1011) rinzs are difficult to be resolved, but at &(em. 
well-resolved three rinzs were observed. 

From the above experiments, it may be clear 
that CdSe consists of two layers, cubic one at the 
side of Cd and very thin hexazonal layer at the 
neizhbourhood of Se, and by heat treatment, cubic 
modification transforms to hexagonal one. 

The reason why cubic CdSe transforms into hexa- 
gonal by heat treatment is not known, but it may 
be sure that the latter is more stab'e than the former, 
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because the volume per ene molecule of hexagonal is: 


smaller than cubic. 
The authors wish to express their sincere thanks 


to Prof. S. Tanaka, Prof. G. Shinoda and Prof. J. 


Yamaguchi for his kind suggestions. 


References. 


(1) J. Yamaguchi & T. Miyauchi: J.I.E.E, Japam 
71 (1951) 7 

(2) J. Yamaguchi = S. Kataya: 
Japan 5 (1950) 3&6 

(3) J. Yamaguchi, S. inant & Y. Matsuo: read 
at Phys. Soc. Japan, April, 195v. 

(4) Y. Suge & M. Aoki: read at Soc. 
Physics Japan,, Oct. 195(. 


J.. Phys. Soe: 


Applied 


J. PHys. Soc. JAPAN 6 (1981) 524-525. 


Note on the Kinetic Energy 
of the Bloch Wall. 


By Akira SUGIYAMA 
Faculty of Science, Hokkaido University. 
(Received April 5, 1951) 


Recently, Kittel developed Becker's theory om 
the effective mass of the moving Bloch wall, using 


, an approximate method valid for small velocity. In 


this note we shall show that more rigorous result 
can be obtained very easily by takinz the apparent. 
increase of the exchanze energy constant into account. 

In the Kittel’s paper, the kinetic energy or ac- 
companying the uniform motion of the Block wall 
per unit area (with velocity v in the Zdirection 
normal to the wall) is given 


on=(1/Exy*?) fo (d0/dt Pdz = (v?/8z7*2) qi (d0/dz)2dz 


7*?= 77+-(47/M-) (1) 
where @ is spin direction, y= ge/2me and 2 is relaxa- 

tion ire yuency. (1) 
In calculating the total enerzy o of the moving 
wall, he takes the siructure @°(z) of the resting wal! 
itself in place of 6(z) for the moving one. That is 
to say, he assumes as if the structure of th> wall is 
rigid. The structure 6°(z) of the resting wall is so 
determined that the structural enerzy os (exchanze 
energy A(d0/dz)? eer ee energy f(@)) should be 


minimum. In this case ik (d0/dz)*dz=0s/2A, so o 


becomes a simple sum of the structural energy 0 the 
resting wall and the kinetic enery 
b= 05+ o%= 091 4-v2/1627*2A) (@) 


However, for a larze value of v, which makes 


* large enouzh compared with the structural energy, 


80 as to minimize the total energy o (kinetic energy 
-+-structural energy), and the energy difference bet® 
_ ween the moving and the restinz walls may be smal- 
“ler than what is given in (2). As dependency of 
ok. On 0(z) is of the same form as that of the ex- 
change energy, we can treat the problem of the moy- 
_ing wall as resting wall in which exchanze constant 
_A increases to A+(v*/&zr**). Generally, the depen- 
dency of the enerzy of the resting wall.on the ex- 
change constant is C\/A , where C depends only on 
the crystal energy constant or magnetostriction cons- 
tant, 
a=CV/ A+(0?/827®) = OSE 1+02/8x7*2A 
, =o/140earHA (3) 
Of course, our resus agree with Kittel’s if v2/8z7*2A<¢1, 
But in the case when the kinetic energy ,is of the 
same order as the structural energy (for iron v~ 
_14em/sec) , the difference between (2) and (3) be- 
comes remarkable. Such an effect wou'd be found in 
the magnetizing process of- ferrites rather than 
metals. In the figure full lines are derived from 
(2), dotted lines from (3), and a, b, ¢ are kinetic, 
7 structural, and total ener Kea respectively. 
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I wish to express my hearty thanks to Professor 
S. Miyahara for his kind discussions. 
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e assumption of the rigid wall will not hold any _ 
longer. Indeed the moving wall may be deformed ~ 


_caleulated in the usual way. 
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Temperature Change of Intrinsic © 
Viscosity of Polyvinyl Chloride. 


By Masatami TAKEDA and Hiiti TURUTA. 
Tokyo College of Science, Sinjuku, Tokyo. 
(Received June 2, 1951). 


Although numerous experimental studies have 
already been made on the flexibility and configura- 
tion of lonz chain polymer in solution it is still an 
interesting problem to study the variation of intrin- 
sic viscosity of flexible chain polymer in solution 


~ with temperature and to analyse its experimental 


results with the aid of current theories of intrinsic 
viscosity of chain polymer. The present report deals 
with this problem. 

The. viscosity of solution of three different samples 
of unfractionated polyvinyl chloride (supplied by 
Mitui Chemica] Industrial Company and purified ones 
by precipitation from cyclohexanone solution with 
methano]) in cyclohexanone, nitrobenzene and dioxane tS 
has been measured by varying the temperature from 
20°C to 80°C and the intrinsic viscosity (7) has been 


sults are shown in Fig. 1 and 2. 


Fiz. 1. The Intrinsic Viscosity of Polyvinyl 
Chloride in Cyclohexanone and Nitrobenzene. _ 
O- Sample I x-Sample IL A-Sample IIT ~ 
——in Cyclohexanone 
a wee in Nitrobenzene 
concentration g/] 


% 


ee 


‘As seen from Fig. 1 the values of [y] in cyclo- — : 


hexanone and nitrobenzene are comparatively large 
and decrease linealy with rise of temperature. This 
fact will be explained in the following way. Accor- 
dinz to the theoretical studies of Debye and Suzuki? 
the intrinsic viscosity of flexible long chain polymer 
is expressed by the followinz relation. 


The experimental re- — ye 


Steep cay pel Sage 4 , I+c08@ 1—<cos y> 
Re Gt ee 
ae WO 1 6 ce mi COs ~ 
: i Ale a ge 


_ Where m is the mags of pe bese: patty of 


O- Sample I. x- Sangh Ir Jiceitaitc age 
_ Concentration g/] _ 


_<cosy> the average of rotation angle about C-C 
ee bond as seen from Fig. 3. Since the term 1—<cosg>/ 
+ <cos g> in ejuation (1) is the sole factor de- 
pendent on temperature, we must take into conside-— 


bn polymer. As the most important ee 


ference of potential energy 4H; between forms ELP< 
and I might be much higher than 4; betwee form, 
i I and I owing to intramolecular repulsive potential, 
ae] herefore only two forms IT and I are considered, | 
the term dependent on temperature in ejuation a). 
x will be expressed by following equation: 


ya sar <cos g>/1+ <cos o> =f exp(4byRt) +4 
(2) 


P hater aquétion (1) and (2) the “inirinall viscosity 
can be written approximately; 

I In[y] = 4 F/R +-const. (3) 

* By: applying equation (3) the difference of energy - 

; Sng Aial is estimated from the experimental results, which 


ation factors which determine rotation angle g in 


in polyesT chloride as shown in 1 Fig. 3 The dif-, 


et Solvent Icyeloberanonel Enitcebencae 

Beran | a ee Seep l/ttiol) 

ies Seay Mae Bete ae Pe 

UC Ohare & Pee aoe a O75 Ae 
ape } an il ieee 1G. ae 


> ‘Fig. 3. Three Forms of Rotational Isomers in 
Polyyengy, Chloride. 


is shown in Fig, ? tana iSbnlase in Table I. The 
values of AR; in Table I are independent on ‘the 


Table 1h ab; of Polyvinyl Chloride i in Solution, 


+ i - oe et > . ¢ 


“average molecular weight of sample and have the 
_ same order of magnitude. as the difference of poten- 
tial energy (1,2 kcal/mol) between the rotational 
_ isomers of 1,2 dichloro-ethane, These results afford 
‘some evidence in support of our interpretation. 

The values of [7] in dioxane shown in Fig. 2 


_ aré relatively small and increase with rise of tem- 


perature, but decrease with further rise of tempera: 
ture. Thus the intrinsic viscosity of each sample has 
its maximum at a ee pay bls The. - tempe 


re 
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rature of maximum becomes higher as the average 
molecular weight of sample increases. Such interest- 
ing behaviour of chain polymer is not completely 
explained by the equation (1) and (2) and requires 


- more advanced theories which are suggested by 


Flory and Suzuki» for its interpretation. Accord- 
ing to these theories the variation of [y] of poly- 
vinyl! chloride in dioxane may be explained qualitati- 
vely as follows. The Jonz range intramolecular in- 
terference of polymer in dioxane is stronger than 
is cyclohexanone and nitrobenzene, that the 
term <R?> in equation (1) becomes smaller. With 
rise of temperature the micro Brownian motion of 
the chain increases and cancels this interference, and 
<R?> becomes larger. With further rise of tem- 
perature the effect of the micro Brownian motion on 
the intramolecu'ar potenial becomes more predomi- 
nant just as in :cyc’ohexanone and _ nitrobenzene. 
Thus <R?> becomes smaller again. 
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Surface Oxidation of Zincblende 
Cleavage Face in the Roasting 
Atmosphere. 


By Ryoitiro SATO. 


Taihet Mining and Metallurgical Laboratory. 
(Received June 4, 1951). 


Surface oxidation of zincblende single crystal has 
been investigated by several authors? » ® © by means 
of electron diffraction. In these experiments, where 
the specimen was oxidized in air at red heat, the 
oxidation preduct was always zinc oxide alone. Its 
orientation with respect to the substrate” or the de- 
velopment of its erystallographic planes was discussed 
in detail. On the other hand, it is well confirmed 
that in the roasting of zincblende in its metallurgicat 
process zinc sulphate or ferrite is also produced. 

' Accordingly, the following experiment was carried 
out, in which the heating condition might be regarded 
as a good idealization of the roasting oxidation; a 
fresh cleavage face of zincblende was buried in the 
zineblende powder, prepared by grinding the crystal 
in an agate mortar, and was then heated in an elect- 
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ric furnace for about 30min. at a disired tempera- 
ture. The thickness ‘of the powder layer on the 
specimen was about 10mm. Aiter cooling it to room 
temperature the specimen was taken out of the 
powder, removed for the attached particles by slight 
rubbing with gauze, and then inspected by electron 
diffraction. 

The obtained results show that between 300°C, 
and 500°C. an orthorhombic crystal with a=8.214, 
b=5.19A, and c=6.80A is formed on the cleavage 
face (Photos.). In open air, above about 350°C. zinc 
oxide alone is lormed, and below this temperature 
the oxidation does not occur. The orientation of 
this orthorhombic crystal is as follows: (001)ortnorn.// 
(110)zns and [LOO0]orsorn. [10] zns 


Photos. Zincblende cleavage face heated in 
zincblende powder at 400°C. for 30 min. 
Beam parallel.to [001]zas Giop) and [110]zxs 


(bottom). 


The observed intensities of the diffraction spots show 
that (0k1)-reflections are missing if k+1=odd. 
Since the above heating corresponds to a sulpha- 
tizinz condition, the product is mosti likely supposed. 
to be zinc sulphate. At an early date Breithaupt’? 
found out naturally occurring anhydrous zinc sulphate 
and showed that it is isomorphous with lead sulphate 
(anglesite) and barium sulphate (barite). According 
to Schiff anhydrous zinc sulphate crystallizes in an 
orthorhombic structure, the lattice constants of which 
are a=8.58 Ne b=6.73 A, and c=4.76 A. However, 
in order to make its axial ratios agree with those 
given in Dana’s book”, its b-and c-axes must be 
interchanged. The Jaw of missing spectra found in 
the present work is not in contradiction to that given 
by Schiff, and this law is necessary lor a crystal to. 
belong to the space group V,°, to which anzlesite 
and barite also belong. On these grounds the present 
surface product may be concluded at the present 
stage of study as being some form of zinc sulphate: 
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very similar to the auhydrous one. 

When concentrated zincblende powder from a 
flotation cell is used instead of the above one, zinc 
ferrite (ZnFe,O,y, cubic) is obtained above 600°C. 
Tt has the following two types: of orientations: (110) 
ferrite//(110)zus, [110] ferrste //[110]zns and (113) ferrite i 
(110) zns, [110] ferrite || (110]zns or [110]zas. This 
result is the same as obtained by Hazihara'® in 
heating the cleavage face in vacuo (about 10-4mm. 
Hg). This may imply that in this heating condition 
the supply of oxygen to the crystal suface is extre- 
mely scanty. The concentrated powder is supposed 
that each particle is covered with copper atoms due 
to the preconditioning by cupric sulphate and with 
collector molecules in some state. Therefore, it can 
be understood that its behavior in heating is different 
from that of the untreated powder. Iron atoms in 
zine ferrite might presumably have come to the sur- 
face from the interior of the zincblende crystal, where 
they had been contained as impurities. 

The full detail of the present work will be pub- 
lished. in the near future. 

The writer expresses his cordial thanks to Mr. 
H. Hagihara for his encouragement and discussions. 
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Twin Formation of Zincblende through 
Oxidation-Reduction Process. 


By Ryoitiro SATo. 
Taihei Mining and Metallurgical Laboratory 
(Received June 4, 1951), 


When zincblende surfaces are heated in air at 
red heat, zine oxide crystal with a complete orien- 
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tation is formed thercon) »® 4)5), The erystals of 
both zine sulphide (cubic) and zinc oxide (hexagonal) 
are considered to be built up of the elementary 
tetrahedrons with each zine ion surrounded tetrahed- 
rally by four sulphur or oxygen ions. The mechanism 
for the orientation of the zinc oxide crystal with 
respect to the substrate is explained as follows; the 
sulphur ions around a zinc ion are first replaced by 
oxygen ions, and the oxide crystal then grows as a 
hexazonal lattice. As for the oxidation of the clea- 
vage face, however, the tetrahedrons of oxide and 
sulphide do not remain exactly parallel to each 
other, i.e., the (103)zn0-face becomes parallel to the 
(110) zns-face (the cleavage face), or the [001]zno- 
axis becomes tilted from the [111]zas-direction by 
about 3° nearer to the [110]zns-direction (the out- 
ward normal to the cleavage face). 

When the cleavage face of zincblende, oxidized 
beforehand in air to red heat, is again heated in 
pyrite (FeS,) or chalcopyrite (CuFeS;) powder 
above 450°C. for about 30 min., the oxide coatinz 
on the cleavage face is reduced to zinc sulphide. 
An electron diffraction photograph obtained from 
one of these speciment is reproduced in Photo. 


Photo. Oxide coated zincblende cleavage 
face heated in pyrite powder at 600°C. 
for 30 min. Beam parallel to [110]zas. 


Ji in this reducing reaction the above-mention- 
ed parallelism between the tetrahedrons in the 
original crystal and the newly produced one is con- 
sidered as it was in the oxidizinz reaction, 
the reduced sulphide should now have two orienta- 
tions. This follows from the geometrical considera- 
tion of the dispositions of the elementary tetrahed- 
rons in the crystals, i.e., the tetrahedrons building 
up the zinc oxide crystal Chexazonal) are of two 
kinds in orientation, while those of the sulphide erys- 
tal (cubic) are of only one kind. If the consideration 
of above parallelism happens to be true, the one of 
the two expected orientations of the reduced sulphide 
crystal must have the tilt of about 3° with respect 
to the original zincblende crystal, corresponding to 
the tilt of the [001]zno-axis from the [11T]zns¢orig.~ 
direction. The other is expected to be the twin 
orientation of the former alonz the [111] znscnct orig.5« 
direction, which still would lie parallel to the [001] zn0- 
axis. Actually, however, the analysis of the obtained 
pattern shows that the two orientations of the re- 


cat as eae os is nae 


< Boe 


alee 


it along the fe lpascora) ig: sa 
] for the observation of these aussi ite esti trés facile & établir 1a nee, nieonger 
ortiad of the above expected ones is qui a un grand « et aura un plus haut rendemer 
ai to be. that the reduced sulphide crystal pre- Deuxiémement il n’y a point d’hystérésie. 


rs the orientations aynich is a continuation or a 


- Hagihara® obtained a eiuitian ihetoraph.< on a 

cnatur lly tarnished C116 )-lace of. zineblende. This \— A 
suggest that such an oxidation-reduction reac- ; 

on really takes Ss in ore deposits natural] y under 

‘Ss me circumstances. 

5 - The full detail of the present work will be ptr 

= lished in the near future. 

The writer expresses his Sue thanks to Mir se. 

bey Hagihara for his encouragement and Le Ore i 
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ficar le Spectrometre a Orbites 
ee eee sans ‘Fer 


j By Mitsuo SAKAI fsa vats BAC: Ca 
a | Department of Physics, University of Tokyo. 4 
oY ie er Me June 8, 1961) — 


4 


Te  spetsomite 3 a orbites = pias sans fer a tte 


Le’ spectre des électrons dans Je Fig. 3. est obte: 
en utilisant les électrons de 6000 e.v. de Vémission 
de cathode froide. La Fig. 4 représente le spectre 
obten1 en mesurant les photodlectrons de cuivre pro- — 
jetés par laction des rayons Mo Ka. Dans cette 
“mesure nous nous sommes servis du cémpteur avec 


_ SOI fone fiourés dans la Fig. 2. -On sau- 
a facilement d’aprés ces figures que. la bobine A. 
-sert a A satisiaire- Ja condition de convergence et Ba 
p de onner le chanip magnétique sur Je corcle et O a la 
of onction auxiliaire. Cet -appareil a les avantages Le présent travail a été fait 1949. 
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la ‘fenétre que les électrons dont l’énergi dépasse 
4000 e.v. peuvent péreer. Puis une couche mince de 
collodion appliquée de cuivre par le procédé de 
Sputtering a servi de cible aux rayons X. En général 
pour mesurer Jes électron d’émergie faible, il faut 


J min. 


nom bres 


HE 3). 
Fig. 4, 


utiliser Ja source trés mince. Par conséquent nous 
hous sentons un peu difficile de Vutiliser dans l’ex- 
périence, ‘Nous faisons conduire a Ja direction d’axe 
Jes rayons X étallonnés avec Je systeme de fentes et 
Je diffuseur est situé rectangulairement a ces rayons 
et prés du plan de symetrie. JAaimerais souligner 
Yimportance de Ja solution de cette difficulté. 


‘yt 
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On the Distribution of Internal 


Stresses of Permalloy Subjected d 
to Field Cooling. - 

By Makoto OsAWA i 

Institute of Industrial Sctence, University 2 
of Tokyo. é 

and Ichiro SUGIURA. i 

: % 

Tokyo Institute of Technology. $ 
(Received June 18, 1951.) : 


The magnetic properties of permalloy are well 
known to be very much affected by heat treatment, 
especially by field cooling. It is very important to_ 
study these problems from a viewpoint of the inter-— 
nal stress distribution. Previously, Zener” suggested | 
that the mean distance between stress inhomogenei-— 
ties of opposite sign may be estimated by the mea- 
surement of internal friction. We intended to inves- 
tigate its variation between the state ane. andl 
not subjected to field cooling. 

Internal friction was measured ie following | 
means; a cylindrical rod of specimen of 2Ccm in 
length and 0.5em in diameter is supported at its” 
modes of vibration with two knife-edges and is Jongi- 
tudinally vibrated electromagnetically by a coil 
placed at one end of the of the specimen. The other 
‘end is utilized as a plate of a condenser which is. 
connected parallel to another condenser in resonant 
branch of high freyuency Hartley oscillator. When 
the specimen is vibrating, the freywency of Hartley: 
oscillator is modulated accordinz to ‘the vibration, 
and then the freyuency change is transformed into’ 
a voltage by means of Foster-Szeley circuit. Through 
a three stages amplifier, the out put current is. 
measured for each driving freyuency, and the internal 
friction is calculated from the width of resonance 
curve at half maximum. : 

The specimen was made in vacuum from electro- 
lytic materials, its composition being 78.0% Ni, 
21.576 Fe and 0.57 Mn. After being fully annealed 
at about 1000°C, it was subjected to various heat 
treatments. In very treatment, it was kept at 800°C 
for 30 minutes, then rapidly cooled to 490°G; and 
kept at 490+5°O for a certain required time, and 
then more rapidly cooled to reom temperature. _The 
measurement of internal friction was always made 
at room temperature. In the case of field cooling, 


“ maznetic field was continuously applied below: _the 


magnetic Curie tempera ture. 

Fig. 1. shows the biasing external field vs. inter- 
nal friction curves in the case of cooling without in- 
fluence of magnetic field, Fig. 2. shows the case of 
field cooling. The dependency of internal friction 
upon the biasing field is much i interesting, but detailed 
considerations of this problem will be made i in future. 


sainly ae to ee eee Santee qeciue 
om stress inhomogeneities, Now driving frequency 
kept constant, so if the mean distance between 
ess inhomogeneities varies gradually with the time 
of amnealing at 490-45°C, the internal friction 
will be maximum according to Zener’s sugges- 
tion when the mean distance L fulfills the relation, 
fL?/D> =. where f is the driving frequency and D 
is the thermal diffusion constant. For the sake of 
estimation of L, we take the yalues as follows; D= 
0.19em2/sec and f= 25Ke, then we get the mean dis- 


' 8x 10-%em" for an annealing time of 5 min. in the 
case of field cooling and for an annealing time of 
4 sec, in the other case. 

~ Asimilar quantity can be calculated from Becker- 
” Kersten’ s” theory, . using measured values of initial 
‘permeability and coercive force. H. Sato® has already 


tO: give a qualitative- explanation to the appearance 
_ of a maximum in Fig. 3 in the case of cooling with- 
- out influence of magnetic field. Our observed value 
pol: L, and H. Sato’s as well does not agree with the 
-.ones calculated. But, it seems difficult to explain 
along these lines the fact that the maximum point 
- of internal friction in the case of field cooling shifts 
to longer annealing time side as compared to the 
one observed in the case without influence of magne- 
tic field. ra a ee Ne’ 

The details of the ihveuibation will be reported 
elsewhere. Finally the authors express their sincere 
thanks to Messrs. T. Taoka and T,-Nagashima for- 
2 their kind cooporation in malig the specimen. 


—— 


46 d/ Js (approztmatety 


os External fila s in dersted.. 


Bi. wes 


Internal friction. 


_ tance between stress inhomogeneities: of the order of © 


done these calculations and along these lines tried . 
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On the Transformation of Tin 
- at Low Temperature. 


By Haruji ISHIKAWA. 


The Government Mechanical Laboratory, - mi 
Agency of Industry and Technology. 
(Reerived June 28, 1951). 


In ordinary crystalline states white tin, subjected 
to low temperature, scarcely transforms into grey tin, 


ae when the specimen of pure pet. tin is. 
aa into sheet form at py low bo hos 


ab cold for a long period, for instance —10°~ By Junkichi NAKAI ‘nat Shogo. ‘NAKAMURA f) by 


| during several ten days”. Some factors?) » Faculty of Engineering, Osaka University. 
might affect the transformability of the pure (Received June 27, 1951) 
tin pecaee pressed at low,’ pene has 


During the research of the issttueal ‘interface 2 
The Biaéinien, which is poke uals trans- we have found that the electrolytic treatment of th 
tn easier than that, which is deformed less severe. Ni-sleeve surface gives the good effects on oe electra 
s the. deformation proceeds the -locally distorted emission. IAS SETEES ale “ 
of the specimen becomes more anstable, there- In order to oobi the infigdnae of the electro- 
be transformed without much obstacles. | lytic treatment under the same degasing conditions, 
rhe slower is the pressing velocity, the more we have polished one half of a- “sleeve. with 10% 
kly does the specimen transform. Under the “ailuke sulphuric acid by a. c, after or beforé“hydr xe 
ressing the generated heat pressing raises the treatment. After fully: -washing, the sleeve was coate 
ture of the specimen, therefore the formation with BaCO; or (Ba-Sr)CO, by electrophoresis, . and 
ere local distortion of the white tin crystal we have constructed a diode as Fig. 1. é; 


ee or ‘the distortion inomienvarkby 
( oS may, turn out into the local recrystalliza- ° 


of Ni-Sleeve — ae 
on Electron Emission — 

By, Junkichi Nakai 3 i 
and eives Nakamura 


aii ee the growth of the trans- 
| specks. As the specimen is in an extre- 

able crystalline state, the locally distorted 

of ‘the specimen turns out spontaneously into — 
ormation nucleus, and the function of the 

Ivents to activate the transformation has 
rable influences on the transformation, But; oak: 
ang velocity of the transformation nucleus — 
e effected considerably by them. ; 

1e een of tHfe successive ie is ‘the. 


Osure, Re asta sa “presredinitndtt of hat 1A Fig nk wi pies ts * Bs as Na 
_be ade juately changed and the erfstalline seg 5 Re ae 


me > exovedingly unstable. SRR A ‘Fig. 2 2. shows an example when ait catbonne 

, "was converted into oxide ‘at about -1300°K_ and = 

cathode was activated at high temperature. Howeve ever, 

' ng "the ap current was banc ae Beak ‘ema 
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ture applying the d.c. anode voltage. In this case 
the cathode was activated only with the reducing 
action by the impurity contained in the base metal. 
From Fig. 2 it is evident that the emission from the 
electrolytically treated side p, is greater than the 
untreated side p,. 

From 32 examples it is found that the emissivity 
of the p, side is usally 1.5~2 times, in some cases 
5 times, greater than of the p, side at the end of 

- activation, and the work functions of the treated 
sides measured by the initial velocity current methode 
are 0.1 e.v. smaller of much smaller than that of 

the untreated sides, 

When we examine the influences of the treat- 

ment conditions to the electron emission, we have 
obtained the best condition in the current density 
of about 1.5 amp/em? at 25~30°C. By usinz this 
current density it takes about 30 sec. to take away 
6 of the Ni-sleeve surface, and it is found that 
there are no influences to the emission even if the 
polishing is carried on further. 

The detailed reason of such results obtained are 
unknown, but we suppose as follows: on the course 
of manufacture of the Ni-sleeve, the reducing impuri- 
ties which exist near the surface layer have been 
oxidized. This oxidized layer has been still remained 
even if it suffer the hydrogen treatment, but by the 
electrolytic treatment it is easily removed. Or, the 
contact condition between the base metal and the 
oxide becomes better by the electrolytic polishinz. 

The authors wish to express their gratitude to 
Prot. E. Sugata for his kind guidance and to Mr. 
Y. Inoguchi, Mr. K, Kozeki and Mr. Komura of 
N.E.C, for their valuable helps and suzgestions. We 
also thank to Mr. T. Hirose for his cooperation in 
the experiments. 

This work was partly supported by the Scientific 
Research Expenditure of the Ministry of Education. 
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On the Mach Reflection of a 
Shock Wave. 


By Ryuma KAWAMURA. 


Institute of Science and Technology, 
University of Tokyo. 
(Received July 4, 1981) 


There are two types of reflection of a shock wave 
at a fixed wall). One is the ‘regular reflection ”’ 
and the other the “Mach reflection’, The latter 
occurs when the angle between the shock and the 
wall becomes larger than a certain limit beyond 
which regular reflection is theoretically impossible. 
In this case three shocks, named incident, reflected 
and Mach shocks, cross each other at one point and 


Short Notes 


or 


33 


form Y-type coniiguration (Fig. 1). Althouzh the 
experimental results of Mach reflection show a very 
beautiful coincidence with three-shock theory so far 
as the shock is strong, they are in disagreement with 


the theory when it is week». The most remarkable 


R 


disagreement is that Mach reflections exist where 
there are no non-trivial so‘utions for the three-shock 
configuration. The solutions are called trivial ones 
when the Mach shock is a continuation of the incident 
shock and the reflected shock becomes a sound wave». 
Thus, in the region where three-shock theory can- 
not explain the experimental results, there arises a 
doubt that the trivial solution might exist at the 
trip'e point and at the same time reflected shock 
and Mach shock have very large curvature at that 
point. Therefore, it is desirable to examine the 
possibility of shocks havinz curvature at the triple 
point. 

Behind a curved shock in uniform supersonic 
flow, the following relation is obtained (Fig. 2)”. 


Q(40/0s) = P(Op/és)/o.g", R(@e/ds)= P(a/d) , 


eae sin £6 
Q=sin 2a] at sin ae ON | . 
1+ (M2 — 2)sin? (a—6@) 
2008 (a—6) =| : 


R=sin 2a [cos (a—@)— 


where «a is the angle between the uniform flow and 
the shock, @ the flow direction, P the pressure, 
and qy the density and the velocity in front of the 
shock, s and 2 the Jenzths measured along the stream 
line and the shock and M, the Mach number behind 
the shock, On the other hand, the following relation 
is obtained from the oblique shock theory».° 


Apa ERE | Neca sce? tan 6 | 
da Oo | a (1+tan a tan 8)(1 tana |? 
B=a-@. 


It is well known that (d@/dx)>0 for M.>1. There- 
fore, for M;>1, 


534 


sin? B sin 2a 4 : 
= ; ——(1+tana tan B 
4 2 tart arene ) 
ane) 2 F if diy Rats = 
Se( GL —(M2—1)sin B sin 2a>0, 
at ian” +1 C = ) 
17 9 
Q= a foe 44 tan x tan 2) 
2 r+l 2 
By gal ]>o. 
tan a 


To satisfy the above reyuirement, (60/83) and 
(0p/ds) must have equal sign when M2,=1. In the 
trival solution of Mach reflection it is obvious that 
the flow is supersonic behind both of reflected and 
Mach shocks. There, the above relation must hold. 
It must be remembered in this case that the sign of 
6 must be different behind the Mach shock and the 
reflected shock because it’ crosses the uniform flow 
with greater angle than 7/2. On the line 
passing throuzh the triple point, which divides the 
flow field into two rezions, i. e. the region behind 
Mach shock and that behind reflected shock, it is 
reyuired that pressure and direction of flow as well 
as their derivatives coincide each other in both re- 
gions. Althouzh the trivial solution 
requirement so far as pressure and direction are con- 


stream 


satisfies the 


cerned, it is impossible to satisfy generally the con- 
dition imposed on their derivatives because (€0/ds) 
chanzes its sign across the stream line as mentioned 
above. Only one possible solution is (40/ds)=0, and 
therefore, (@p/és)=0. This means that the curvatures 
of reflected and Mach shock must be zero at the 
triple point. Thus, it is concluded that the trivial 
solution of Mach reflection combined with shock cur- 
vature cannot explain the existing discrepancy  bet- 
ween theory and experiment. 
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A New Type of Striation Observed 
in an Electronmicrograph. 


Ry Yoshinobu SEKI. 


Txihei Mining & Metallurgical Laboratory, 
Omiya City, Saitama Pref. 
(Received July 6, 1951) 


During the course of the observations of clay 
minerals by means of- electron microscope, a new 
type of striation was observed. An example is repre- 


sented in the Fiz. 1. 


tutes iL 


The sample was a clay mineral identified as 
“‘sericite ”’ by comparing its X-ray Debye-Scherrer 
lines with those reported by Sudo” on the mineral. 
It is supposed that the mineral is so oriented that 
its c-axis is normal to the plane of the plate with 
its a-and b-axes parallel to the shorter and lonzer 
edges 0; the observed rectangular crystallites, res- 
pectively. 


X-ray examination was carried out by K. 
Suzuki of this laboratory. 


* 


: Guaractarlail feature: : whic ising? 
nt ines from ‘the ones eit reported 


“striae are Chenoa mero rezion where two appa- 


ently distinct crystal flakes are overlapping to each 
ther in almost parallel orientation. The striae end 


abruptly at the edge of one of the overlapping ie 
.tallites. 


The separation of the striae in the figure was 


about 400 A, where as with the other example not 
reproduced here the value was about 250 A. 


Another feature remarkable in the micrograph 


¥ “reproduced in the figure is the observation of white 
‘3 striae corresponding to the above black. ones in a 


distance from the latter. 


They might have been 


caused because of their. small angle diffraction and 
the defocussing or lens aberration, 


ay, Mitsuishi ‘T., 


The interpretation of the present type of stria- 


tion is now being considered. 


The writer expresses his ‘thanks to the. eid 


_ suggestion from Mr. H. Hagihara, Kobayashi Tnsti- © 


tute, ef biases Hesearch, 
‘References. 
1: Sudo, T.: co Associ. dese 55 
(1947) 48. 


2) Heidenreich .R. D. and a Sinrkey hs 
Phys. .16 (1945) 97. 


~ Jour. 


Jour, App. 


3) Heidenreich R.D,: our, App. Phys pe (194)) - 


7998. 
Nagasaki H.. and Uyeda 1 Bee 
‘Proc. jen Acad, ke ee 86. 


oa 


. Ss ‘PHYS. Soc. JAPAN: 6 (1951) 585-636. 


Ocomectation. nei wean Ultrasonic eat 
Infrared Absorption in ‘Liquids. 


By Yasaku WADA and. Sotoshi SHIMBO. 


Department of Applied Physics, Faculty 
sale a Engineering, 
- University of Tokyo, Tokyo, Japan. 


| Z my _ (Received duly 7; 1951) 


‘ 


Liquids ave heel cbaittiol. by Pinkerton” into 
four classes accordin 3 to their absorption of ultra- 


sonic waves, The first class includes carbon disulphide, ~ 


benzene and most other non-associated polyatomic 
liquids. To the second class belong associated. liquids 


such’ as water and alcohols, to the third monatomic. 


liquids and to the fourth highly viscous liquids. 
The origin of the ultrasonic absorption in the 


_ first class has been discussed by many authors and 
~ is now considered as ‘‘ volume viscosity” of liquids. 


The molecular mechanism of the yolume viscosity is, 
a We 


“several recent papers. 
grated from 1000 to 2000em—! (the range was Jimit- 


however, not yet conclusively explained ‘and several 
types of theories have so far been proposed. 


Accord- 
inz to one of them”) the volume viscosity is due to 
the time-laz of the variation of local order of mole- 
cular arrangement, which is solely conecerned with 
the intermolecular properties. An alternative theorys) 
assumes the volume viscosity to be caused by the 
time-lag of transformation of external (translat onal 


and rotational) energy of molecules into internal 


- (vibrational) enerzy. 
According to the latter theory the. ultrasonic 
absorption of lijuids depends also upon the intra- 


molecular vibrations. If this be the case, the ultra- 


- sonic absorption may be expected to have some corre- 


lation to the infrared absorption. 
the two quantities of various non-associated polyato- 


mic liquids, as in Fig. 1, has brought to light the 


expected correlation. The absorption’ coefficients of 
ultrasonic waves divided by the sjuare of frequency 
in the abscissa were adopted from the paper by 
Pinkerton who tabulated only the reliable data in 
The infrared absorption, inte- 


ed by the available data) was computed from the: 
monograph: by Barnes etc... 


. 
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Fiz. 1. Correlation between intezrated in- 
frared absorption (reduced to the e¢jual — 
light path) and reciprocal of ultrasonic 
absorption of non-associated polyatomic 
liquids: (1) carbon disulphide, (2) benzene, 
(3) carbon tetrachlorides, (4) chloroben- 
- gene, (5) toluene, (6) n-heptane, (7) nigro-- 
benzene, (8) m-xylene, (9) ,acetone. 


As clearly shown in the figure, iguida of higher 


ultrasonic absorption are poorer infrared absorbers. 
The vibrational 


The reason may be as follows. 
motions of molecules of a liquids with Jow infrared 
absorption may be difficult to be excited by mole- 
cular collisions. The liquid has a long relaxational 


A comparison of | 


ene 


“* 


Fait 


Y 


at 
Ra 


time t in sharing the energy. bet 


tional motion on the other hand. The relaxational 
frequency Ym, Ya=1/2xt, at which ultrasonic absorp- 
tion becomes maximum, is thus expected to be low. 
Assuming the maximum absorption to be the same 
order with all ‘the liquids, the lower the relaxational 


sorption at the experimental freyuencies, which are 
_ believed to be far below vm. 
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F ee mae 
The Rigriusic Permeability of f Permalloy 
4 at High Frequency. 


By Yoshiro Hort. 


5 See Shinagawaku, Tokyo. 
(Received August 8, 1951) 


: Kreierscheimer, Wait, Dannatt etc. Iron, nickel etc. 
e known to Have comparatively constant value up 


a ‘om 1 this ene to decrease to nity: for heat 
waves. ‘These experimental results gave the founda- 


ne tization at high freyuecy and have been studied 
theoretically. by Becker, Kittel etc. But in the 


for the variation of freyuency below 100 mezacycles, 
tb rt decreases with increasing freque ‘ney and even for 


_D. GC. permeability. 

> Recently the author measured the. intrinaie per- 
ee meability of many kinds of ferromagnetic materials- 
- Armco-iron, Si-steel 78.524 
- -megacyeles. Those results were read at the meeting 
of the Physical Society of Japan on Noy. 1950 and 
on April 1951. The present paper is to deal with 
ealy the results for 45% Ni- -permalloy, 

40% Ni-permalloy is employed effectively at 
ee freyuency because of its high resistance and 


motion on the one hand and translational and rota~ 


frequency is, the higher may be the ultrasonic ab-— 


-romagnetic material 


pea oer. in e.m.U. it the. high deena 


‘The intrinsic permeability of ferromagnetic 
aterial at high frequency has been studied by 


to theoretical treatment of mechanism of mag- | 


- higher permeability materials such as permalloy, = 
the intrinsic permeability is not always constant — 


a few megacycles it is very small compared. Aeith, ; 


Ni-permalloy at 1.0~6.0_ 


shown in Table 1 and 


Ni | Ce Ee 


44.20 | 7.51 | 3.95 E 0.80 | 1.92 fil 


Table TEs 
‘Initial permeability so peerage 7 
Maximuin permeability ies ’ ...17000 | 
Saturation B.o (QAaUSS) ssesseegeseseeees --15000 | 
Hysteresis Logs) 3s 
at saturation Wz, (ere/ em'/eycle)...240 
Residual B,- (gauss) rschioes A C reak +5500 | 


Coersive Force H- Coersted).........0006.0.19 © 
Specific Resistance p- fags <a eage 
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In peharal; ie. high ire jueney resistance of poe 
is related to its_ “magneti . 
character and A.C. by D.C. resistance ratio for 
straight conductors is given approximately by Zen- 
neck’s equation 
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’ Ru/Ro= 0.27 +0. 97nd 
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in which d is the diameter of the wire in em, f the 
frequency y7 the intrinsic permeability and 0 the 
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curve of 45 % Nepemalloy, eh 


Fig. 1. 
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resistance &. of ferromagnetic material is known, 
its intrinsic permeability yz, can be calculated from 
this equation. 

Substitution method was used in determininz 
the resistance of specimen at given frequency by 
comparing it with the resistances of a set of stand- 
ards made of 0.02 cm dia. manganin wires. The test 
specimen is 0.C3cem dia., 4cm in length and was 
placed in a straight glass tube which was sealed in 

-at both ends with wax. 
The results are shown in Fig. 1. H, is circular 
0. Ate 
d 
in which 7% is the effective value of electric current 
in ampere. In this figure, the permeability of Group 
II (mot-annealed specimen) is comparatively constant 
for the variation of frequency and magnetic field, 
but that of Group I (annealed at 1000°C,/h, in H, 
gas) decreases rapidly with increasing frequency and 
decreasing magnetic field. Dannatt’s results that 
the permeability of material-at high frequency is 
independent of magnetic field strength are doubtiul. 
Initial permeability in zero field also seems some- 
what to decrease with increasing frequency. Because 
the intrinsic permeability of permalloy varies not 
only in the dependence on frequency and magnetic 
field but also in its absolute value by heat treat- 
ment, it is predicted that it will vary with addi- 
tional external strain. Fig. 2- shows these results. 


magnetic field strength given by equation H,= 


Hr =&3.0 oenated 


Hr=2:0 oensted. 


_ doo ® : not-annealed state 
eyez 5 Gls 6 a7 
Nombax 4, Tortion 
Fiz, 2. Effect of strain on the intrinsic 


permeability of 4576 Ni-permalloy at 3 MC, 


When the wire specimen was strained by tortion 
after heat treatment at high temperature in Hy gas, 
the permeability of strained specimen decreases with 
the increase of strain and gradually approaches that 
of not-annealed state. 

These results show that heat treatment is effec- 
tive for magnetic character of permalloy at high 
frequency as in the static field. 


Short Notes 58 


ST 


Dannatt concludes that the decrease of permea- 
bility with frequency above 10° cycles is due to vary- 
ing demagnetization effects in the magnetic domain 
within the surface layer of the material. The more 
detailed studies of a wire of smaller diameter or a 
thin strip-single domain layer-will be rejuired for 
fuller account of this conclusion. 
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Measurement of the Photoionization of 
Benzene and Ethylalcohol. 


By Ryumyo ITo. 


Institute for Optical Research, Tokyo 
University of Hducation. 
(Received October, 17, 1951). 


Photoionization by ultraviolet light has not yet 
been measured except a few alkali metal vapors on 
account of some experimental difficulties. In the 
previous paper), the author reported that a Geiger 
photon counter is very useful for photometry in 
vacum u.v. region. In this note, it will be reported 
that a Geiger counter is also useful as a detector of 
photoionization, 


The photoionization was detected, in this ex- 
periment, by a Geiger counter that could measure the 
intensity of the incident light by rotating it perpen- 
dicularly to its axis as shown in Fig. 1. 


Fig. 1. Arrangement of the counter. 
(a) For measurement of photoionization. 
(b) For measurement of light intensity. 
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The photoionization is measured at the position @ and 
the light intensity is measured at the position b. The 
entrance hole H is so small compared to the exit hole 
H’ that the light that enters into the counter from H 
goes out throughly from HA’, and there is no photo- 
elecric emission from the inner wall of the counter. 
(about 5mm Hg) and 
some organic vapor, namely benzene- or ethylalcohol- 


The mixture of hydrogen 


vapor (about 3—5x10-*mm Hg) was used as the 
common filling for the counter, for the vacuum 


monochrometer and for the light source. The Werner 
and Lyman emission bands of hydrogen were used 
as the incident radiation. The intensity of the ioni- 
zation and of the light were recorded on the same 
paper, and their ratios at various wave length are 
calculated. This ratios are plotted in Fig. 2. as 
function of wave length of the incident radiation. 
For benzene, the threshold for photoionization lies at 
about 9.2 volt, and it agrees with the spectroscopic 
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Fig. 2. Efficiency of photoionization as a 


function of wave length of -the incident 
radiation. (a) benzene, (b) ethylalcohol. 


data for the ionization potential (9.19 volt)». For 
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ethylalcohol, however, the ionization is caused even 
by the light of lonzer wave length than that corres- 
ponding to the ionization potential (11.3 volt)®, and 
it seems that some complicated processes are partici- 
pating in it in this case. 

The author wishes to express his sincere thanks 
to Prof. Y. Fujioka and Prof. Y. Tanaka for their 


kind suggestion and encourazements. 
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The Plastic Deformation of the Copper 
Cylinder under the Powder Pressure 


By J. NISHIWAKI. 
Keio University, Hiyoshi, Yokohama. 
(Received October, 22, 1951). 

The plastic deformation of the copper cylinder 
under the powder pressure prevailed in the bore of a 
machine gun was compared with that under the 
static pressure. The size of the copper cylinder used 
in the experiments was 8X13mm, and this was one 
of the common types used to measure such pressure 
as in the gun. 


4=0.91 


Fig. 1. (a) 


4951) 


The actual values of the powder pressure were 
evaluated from the oscillograms of it recorded by 
the piezo-electric indicator which consisted of a piezo- 
element, a direct current amplifier and a Dulour 
type cathode ray oscillograph. Two examples of 
those oscillograms are shown in Fig. 1. 

The comparison was made between the both 
pressures, one of which was the maximum pressure 
Pm indicated by the piezo-indicator, and the other 
the value Pe given by the deformation of the cy- 
linder from its statically calibrated curve, with re- 
gard to each density of charge 4 (ratio of the power 
weight to the volume of powder chamber). 

The experiments were carried out in two cases 
A and B; in the former, the pressure acted on the 
rear end of the copper cylinder was recorded twice on 
each of eleven different values of 4 by the piezo-indi- 


ator (See Fig. 2). In the latter case, the pressure 


was measured five times on each of five different 
value of 4, separately by either of the indicator 
and. the cylinder . : 
Thus, in Fig. 3, black points shows the results 

in the case A, blank points the results (the mean 
values of each five) in the case B, and the both 
cases indicate the same relation between Pm and 
Ps: As seen from this Fig., in the neighbourhood of 
Pe=30kg/mm? which occurs in general in machine 
guns, the ratio Pm/Pe is about eyual’ to 1.13, and 
this consistent with the generally adopted value 1.14 
in the internal ballistics. But-in the range of low 
values of P+, Pm. becomes smaller than Pc. Here, 
the copper cylinder is more compressed under the 
power pressure which increases rather slowly in the 
‘gun because of the small value of 4, than under the 
static pressure though the maximum values of the 
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both are equal tozether. 

The similar phenomena has been observed by the 
author in the penetration test of the cylindrical bullet 
through the copper plate. Its deformation is most 
remarkable when the bullet has the critical speed 
just enough to be stopped by the plate itself. When 
the speed is more or less than this critical one, 
either the plate is only punched out or it repulses 
the bullet, and deforms little in both cases. 

Hence the copper cylinder seems to have the 
optimum speed to deform. 

The author wishes to express his thanks to 
Prof. M. Hirata for his advice and suggestion. 
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Spark Photography employing the 
Mach Switch. 


By J. NISHIWAKI. 


Keio University, Hiyoshi, Yokohama. 
(Received October 22, 1951). 

The circuit of the Mach Switch’) was employed 
in an altered form ag shown in Fiz. 1. Instead of 
the spark discharges between the gaps fj, fay... 
those between the gaps F,, F., ........., are used as 
the light sources for the phototraphs, and Fp con- 
nected to them in series is used for the measurement 
of each time intervals between the discharges of 
Pin aloparnt a ae LOM, F,,......discharzes almost 
simultancously with the corresponding one of f,, ts 
vee, end Fy discharges simultaneously with any 
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C6,0,, Dy yr-- = 
Wy , Wz, W3,----2 
:2~3M2Q - 

1 Oe eS Interchangeable sebfeinductance coils . 


falters ile 


OLeE ee Lsscceeseue 
......can be adjusted with no consideration of their 
own spark intensity, and the positions and distan- 
ces of Fi, F,,......may be adjuste@ even when the 
high voltage is imposed on the circuit because they 
are connected to the earth. The actual 
ployed as light sources are shown in Fiz. 2 where 
the six gaps are in use, (the number of them were 
increased later to ten). 


Hence the gap distances of f,, fh, 


gaps em- 


Bade 
isa 


To start the circuit in connection with the phe- 


nomena, the author used the photo-electric method = 
Ss 
as shown in Fig. 3. P is the flyinz object to be 


photographed, Man induction coil and fp the start- 


ing spark gap which is the same as the marked one = 


with the same letter in Fig. 1, 

In order to have a large field of view the con- 
vex mirror (dia.=5&em, focal length =350em) was 
used instead of a condenser. 

To measure the time interval, a slit was illumi- 
nated from behind by Fy and photozraphed. by the 
rotating camera, the film speed of which was 38.2 
m/sec. Fig. 4 shows the images of the slit and from 
each distance between them the time intervals can 
be calculated. 

The results deduced from one series of the pho‘o- 
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graphs which were obtained by this method with 


rT 


regard to the penetration of a steel rifle bullet (dia. = 


6.5mm, radius of the curvature of its ogive=6 x dia.) 
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Fig. 3. 


Fig. 4. 


through a 12mm aluminium plate are_shown in Fig. 


oO 


>, aS an example. 


Here, X is the depth ofjpenetra- 


tion, V the speed of the bullet and R the totalfresis- 
tance offered by the plate which can be seen to have 


the max. resistance value 


of about 1700\kg to this 


bullet. 
(No.484) R (100 kj) 
Y (10 m/sec) 
40 x (mm) 
aa 
ES 
5 
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ny 


Fig, 5. 
The author expresses his sincere thanks to Dr. 
[. Hirata for his supervision. 
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=: Morphological Anomaly of the Crystals 
: of Mercury Fulminate. 


By Masaji SEKIGUCHI. 
Physics Department, Faculty of Engineering, 
Niigata University, Nagaoka. 
(Recsived October 23, 1951) 
The morphological anomaly of the crystals of 
mercury fulminite F{e(CNO): 4 H,O was newly dis- 
- covered as the result of the microscopic as well as 
_ X-ray investigations. 
The crystals were precipitated from the solution 
~ poy i. 


r s = 


ammonium hydroxide. 

way. 
of various percentazes of ‘mercury, nitric acid and 
ethyl alcohol. In most cases they were thin plates, 
rhombic in shape (Fig. 1). The smaller interior 
anzle @ of the rhomb was observed under the micros- 
cope, and was found to vary widely from 25° to 70°, 
according to the composition of the mother liquor. 
The correlation between angles of the rhomb and 
the composition of the solution is shown in Fig. 2, 
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Fiz. 2. The distributions of the values of 


the angles were shown. The right side 
marks (i); i=1, 2, 3, 4, 5,6 correspond 
to the numbers of the solution shown 
in the Table I. 


each circle corresponding to the @ of each crysta 
grown from the solution, whose compositions are 
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(a) is the photograph of the crystal recrystallized from the solution containing 
(b) and (¢) are the photozraphs of those zrown in a usual 
All the three indicated have different anzles. 
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Table I. 22 of substances in the synthe- 
tic reaction. These reactions were performed at 
the room temperature, nearly 30°C, and the 
total volume of solutions was about 30Ccc. 


g HNO; C.H;OH. H,O Number of 
the solution 

2 35.1 38.4 203 alld) 

5 36.6 34.9 22.0 G2p) 

8 35.8 38.0 20.9 G35) 

6 36.8 37.4 21.0 C4) 

2 25.0 25.1 46.8 G5») 


The sample (6) produced a small amount of 
crystals which show the rhombic pyramidal 
forms. 


Fig. 3. The Laue patterns of the recry- 
stallized samples from the solution con- 
taining ammonium hydroxide. The pat- 
terns show the orthorhomic symmetry. 
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listed in Table 1. As is easily:seen from the figure, 
even angles of the crystals grown from the same 
mother liquor are not the same at all and show 
apparent statistical distribution. 

When the crystal was again recrystallized from 
aqueous solution, containing small amount of NH,OH, 
large and transparent crystals similar in shape as in 
the former case were obtained. According to the 
X-ray investigations, this recrystallized crystal be- 
longs to the orthorhombic system and its Laue photo- 
grah was taken by means of the monochromatic cop- 
per Ke radiation. (Fig. 3) The large streaks often 
observed seem to suggest the variant structure of the 
crystal lattice, which might be closely related to the 
variant rhombic angles above mentioned. 
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Further details are now in the course of investi- 
gations. J 

The author expresses his gratitude to Dr. Y- 
Kakiuchi (Institute of Science and Technology, Uni, 
versity of Tokyo) for his interest and discussions 
and also to Dr. J. Endoo (Niigata University) for 
his kind advices. 
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